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N 1935 Cooke, Bernard, Hebald, and Stull, and later Harley? made the ob- 
servation that the serum of individuals sensitive to ragweed pollen extract 
was modified after they had received specific pollen therapy. There appeared 
in such serum, and also in serum of normal subjects so treated, an antibody 
specific for ragweed pollen antigen presumably in response to injected extract. 
It was not present in untreated individuals. This was designated ‘‘blocking’’ 
and later ‘‘thermostable’’ antibody. 
At the time of discovery of blocking antibody, the immunologie mechanism 
responsible for clinical improvement as the result of inoculation with pollen 
extract was unknown. The previous presumption that improvement was due to 


‘“desensitization’’ wherein sensitizing antibody became neutralized by pollen 


antigen was disproved since no consistent reduction in reagin or skin sensitizing 


antibody could be shown. With the revelation of the presence of blocking anti- 
body, a theory was proposed wherein both reagin and blocking antibody com- 
pete for pollen antigen as it comes in contact with the nasal mucosa. The 
blocking antibody presumably has a stronger avidity for this antigen and neu- 
tralizes it so that reagin is prevented from contacting it. The patient being 
protected from this contact has no symptoms, but remains hypersensitive. 
Numerous studies* have been made on the immunologic properties of post- 
treatment serum, and there have been various attempts to prove the theory 
stated above by correlating the titer of blocking or thermostable antibody with 
the degree of clinical improvement. Were such a relationship demonstrable it 


*From the Department of Internal Medicine and the Oscar Johnson Institute for Medical 
Research, Washington University School of Medicine. 
7Presented, in part, beeese the Third Annual Meeting of the American Academy of 
Allergy, New York, Nov. 25, 1946 
. ¢This investigation was supported by a grant from the John and Mary R. Markle Founda- 
on 
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would have great clinical implication, for it could lead to individualization of 
specific treatment wherein the dosage of pollen extract might be adjusted to pro- 
duce the optimum amount of thermostable antibody. 

A review of the studies that had been made indicates a marked discrepancy 
in results. Some investigators reported a close correlation between titer of 
thermostable antibody and clinical improvement, others found no correlation, 
and one stated that it is not a question of height of antibody titer but the ability 
of a given individual to inerease his titer. 

Analysis of these reports for the purpose of accounting for the variation 
in findings revealed that neither of the two factors involved in the comparison 
has a sharp end point. The first factor is the estimation of clinical improve- 
ment. As yet no satisfactory method has been devised which can do more than 
approximate this. The other factor, namely measurement of the titer of ther- 
mostable antibody, likewise had no clear end point for the method used was 
based on the comparison of differences in size of skin wheals. No matter how 
skilled one may be in this technique its inherent errors are too many for ac- 
curate comparison. 


The development in this laboratory* of a method for the quantitative meas- 
urement of precipitin reactions led to its application for the accurate titration 
of thermostable antibody in which the end point is very sharp.’ Although no 
improvement in the estimation of clinical symptoms was available, it seemed 
worth while to restudy the relationship between such symptoms and measure- 
ment of thermostable antibody by this new technique. 


The investigation, soon after it was begun, was interrupted by the discovery 
of surprisingly large amounts of ragweed pollen antigen in the cireulating blood 
during the pollinating season. This antigen was likewise measured quantitatively 
by the precipitin technique in order to correlate its presence with symptomatology 
and amount of circulating thermostable antibody. An earlier study® had revealed 
a suggestive direct correlation between the quantity of circulating ragweed anti- 
gen and the severity of symptoms. An extension of this study the following 
year’ failed to confirm this finding. The levels of thermostable antibody deter- 
mined in this latter study, while exhibiting no correlation with the amount of 
circulating antigen, appeared to correlate inversely with the severity of symp- 
toms. The present study extends the observations on correlation between elini- 
eal improvement and the level of circulating thermostable antibody. 


METHODS 


Thermostable antibody titers were determined by the precipitation method 
previously described.’ 

Samples of sera to be tested for this antibody were heated for one hour at 
60° C., allowed to cool and centrifuged, following which 0.18 ml. of undiluted 
supernatant was delivered into each of a series of Meloche capillary tubes. An 
equal volume of serial dilutions of low ragweed pollen extract from a standard 
stock solution was added to each tube and to appropriate controls; the mix- 
tures were shaken and placed in the refrigerator overnight. 
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The following morning 0.26 ml. of freshly centrifuged, standardized anti- 
ragweed rabbit serum, diluted 1:4, was added to each mixture. After mixing, 
the tubes were placed in a 37° C. water bath for one hour and refrigerated, All 
tubes were then centrifuged at 2,500 RPM for fifteen minutes and the volume of 
precipitate was determined.‘ The end point was taken to be the tube containing 
the largest amount of antigen failing to yield a precipitate. Thermostable anti- 
body values were expressed in terms of concentration of antigen (in protein 
nitrogen units) which had been added to the end point tube. 

During the first part of the study, standard stocks of eryochemed low rag- 
weed antigen and of frozen rabbit antiserum were used. Later, because of a 
depletion of supply, it was necessary to change to a new lot of frozen antirag- 
weed rabbit serum and to a frozen stock antigen. Thirty sera which had been 
previously titrated with the original antigen-antiserum system were retitrated 
using the new system. The end points were identical so that the results with the 
latter system are considered comparable to those of the initial series. 

Dilutions of both the antigen and antiserum were always freshly prepared 
from the frozen stock just previous to each experiment. The antigen was titrated 
each time a series of samples were run. 

For controls on the inhibition of precipitation by normal sera, titrations in 
all ranges of antigen concentrations were performed on 50 sera from nonallergie 
individuals. The specimens of normal sera were not obtained during the pollen 
season, but in the pollen-free period to eliminate the possibility of the temporary 
presence of small amounts of antibody produced by inhaled antigen previously 
deseribed.® Three sera inhibited as much as 400 protein nitrogen units of anti- 
gen; all others showed no inhibition of precipitation. It is thereby assumed that 
inhibition of precipitation by normal sera is negligible.* 

Earlier observations in this laboratory revealed that titrations by precipita- 
tion method were roughly comparable to those obtained by the passive transfer 
method. The proportions of antigen, heated serum, and rabbit serum employed 
in these earlier studies differed markedly from those used in the present pro- 
cedure. For this reason fifteen heated sera were titrated by both precipitation 
and passive transfer methods and neutralization points compared. 

The passive transfer procedure was applied in two different ways to esti- 
mate the thermostable inhibiting substance. 

A. Mixtures containing equal volumes of undiluted stock reaginie serum, 
antigen dilutions, and undiluted heated serum were made. Three other series, 
substituting physiologic saline for heated serum, saline for antigen and saline 
for both heated serum and antigen, were also prepared. These mixtures were 
allowed to stand at refrigerator temperature for twenty-four hours. Intra- 
cutaneous injections of 0.05 ml. of each mixture were made into the skin of non- 
sensitive recipients and the immediate reactions observed. Forty-eight hours 
later, the sites were retested with 0.02 ml. of 1,000 unit (P.N.U) ragweed ex- 
tract and end points noted. (The end point was that site which gave the first 
negative or + reaction.) 

B. In another experiment, sites of the skin of non-sensitive subjects were 
sensitized with stock reaginie serum. Forty-eight hours later these sites were 
tested with mixtures containing heated serum and serial dilutions of antigen pre- 
pared twenty-four hours earlier. Controls were performed with reagin and 
antigen. The neutralization end point was noted as that site which contained no 
residual or free antigen and therefore produced a negative response. 


*Definite diminution of precipitation produced by heated normal sera has been observed 
in this laboratory by one of us (S B.) who is studying the phenomenon of inhibition by 


immunochemical methods. However, with the volumes and ratios of antigen, heated serum, 
and antiragweed rabbit serum used in the present studies, the inhibition of precipitation by 
normal serum is minimal. 
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TABLE I, THERMOSTABLE ANTIBODY TITERS 


SKIN TEST 


REAGIN + ANTIGEN + 
PRECIPITATION HEATED SERUM ON 
MELOCHE TUBE NORMAL SKIN, ANTIGEN + HEATED 

SERUM (RABBIT SERUM RETEST WITH 1,000 SERUM ON PASSIVELY 
NUMBER PRECIPITATION ) UNIT ANTIGEN SENSITIZED SKIN 

il 100 100 100 

4 100 400 100 

26 100 400 100 

28 600 600 400 
114 4,000 4,000 2,000 
167 2,000 2,000 1,000 
238 10,000 10,000 8,000 
247 8,000 4,000 2,000 
266 800 800 600 
278 14,000 8,000 2,000 
314 4,000 4,000 2,000 
321 6,000 4,000 2,000 
351 200 200 200 
375 2,000 2,000 2,000 
424 1,000 2,000 1,000 


The results by the three methods are compared in Table I. 

Although fine end points can only be approximated by repeated titrations in 
using several recipients, as emphasized by Loveless,*/ these neutralization points, 
determined on single recipients as such compared fairly well with the precipita- 
tion end points in spite of expected differences in activity and sensitivity of the 
antigen-antibody systems. It was noted that discrepancies were greater in the 
‘range of the more dilute and the more concentrated solutions of antigen. 

During this study blood samples were again obtained from both treated 
(perennial and preseasonal) and untreated ragweed sensitive patients at stated 
intervals. Although deliberately avoiding set schedules of dosage or interval 
between doses in treatment, accurate records of these were kept, particularly of 
the intervals between time of injections and the time of drawing serum. 

Serum samples were obtained from three different sources. The evaluation 
of symptoms was complicated, therefore, by differences in estimation by different 
elinicians. Clinical improvement was determined by conference with the pa- 
tient at the time blood samples were secured. Where possible, the patient’s 
symptoms for each week of the pollen season were classified as 0-1-2-3-4 in ratio 
to severity. Then an average seasonal score was estimated for each patient. 


OBSERVATIONS 


During this study sixty-one patients were observed, with an average of 
about seven serum specimens from each patient. Blood samples were obtained 
early in the year (in new cases, before treatment), and at regular intervals 
preceding, during, and following the pollen season. 

Attempts were made to correlate clinical improvement with both presea- 
sonal and eoseasonal antibody levels. In each instance correlations were at- 
tempted between maximum and average levels and clinical improvement. Table 
II demonstrates this in the attempted correlation of maximal preseasonal ther- 
mostable antibody levels and seasonal symptom score. 

When the values in this series were subjected to the x? test and standard 
error of difference, it appeared that the variations were no different than those 
which would have oceurred by chance. 

Loveless*) has stated that a titer which is protective for one individual may 
be inadequate for another. She maintained that determination of thermostable 
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TABLE II. PRESEASONAL THERMOSTABLE ANTIBODY TITER* AND SEASONAL SYMPTOM 
Score; 1946; 61 CASES 


Low Titer Thermostable Antibody (800 and below) 
32 cases 7 (22%) high symptom score (Moderate—marked) 
25 (78%) low symptom score (None—slight) 


Medium & High Titer Thermostable Antibody (1,000 and above) 
29 cases 9 (31%) high symptom score (Moderate—marked ) 
20 (69%) low symptom score (None—slight) 


*Values obtained on last serum specimen previous to onset of pollen season. 


antibody is helpful only when the patient’s optimum titer has been determined 
during studies which extended over a period of several years. Table IIT com- 
pares data on the same patients for two consecutive seasons. The titers are the 
last ones determined prior to onset of the pollen season. It is readily seen that in 
some eases a titer which was optimum (i.e., accompanied low average symptom 
score) one year was inadequate the other. 


TABLE III. PrRESEASONAL THERMOSTABLE ANTIBODY TITER AND AVERAGE 
SYMPTOM SCORE FOR TWO SEASONS 


1945 1946 
AVERAGE AVERAGE ANTIBODY 

SYMPTOM ANTIBODY TITER SYMPTOM TITER 

SCORE (P.N.U.) PATIENT SCORE (P.N.U.) 
1.60 8,000 An p35. 1,000 
8,000 Bo 14 2,000 
33 10,000 Jo 07 18,000 
3.30 600 Ke 1.30 1,000 
3.60 4,000 Kl 1.20 2,000 
3.00 2,000 Kr 3.00 1,000 
2.30 1,000 Ne raz 8,000 
1.30 1,000 No 1 FL 1,000 
2.00 2,000 Re 60 6,000 
1.30 6,000 Se .20 1,000 
3.60 4,000 Sh 1.00 1,000 
.66 8,000 Th 1.66 2,000 
1.00 8,000 Va 50 4,000 
1.66 400 Wn 30 1,000 
3.60 6,000 Ws 1.30 1,000 
.66 8,000 Wi 3.00 8,000 


The total ragweed pollen counts for the two years varied slightly (6,315 in 
1945 ; 5,972 in 1946 for periods August 1 through September 25).* There were 
prolonged torrential rains in 1946 which influenced clinical exposure during the 
onset of pollination. The highest daily counts were the same but the fluetuations 
varied somewhat. 

Apparently, as indicated in Table IV, in the absence of atmospheric pollen 
contact, there is a fairly consistent rise in titer of thermostable antibody, as had 
been observed by several investigators, but during the pollen season almost all 
the cases studied showed a marked seasonal fluctuation in thermostable antibody 
titer. Some examples are recorded in Table IV. This change occurred regard- 
less of whether treatment was continued throughout the season or discontinued 
at the onset. The rise or fall was not permanent; postseasonal samples tending 
to return in the direction of preseasonal levels. 

These variations suggested a possible important relationship concerning the 


interval between an injection and the time of securing serum for titration, when 


*The authors are indebted to Dr. French K. Hansel for supplying the pollen count data. 
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TABLE LV. SEASONAL FLUCTUATIONS IN THERMOSTABLE ANTIBODY TITER 


CASENO. | 49 | 25 | 17 | 6 | 4 | 44 | #60 | 14 | 63 | 10 
Preseasonal 400 100 400 600 8,000 600 400 2,000 200 ~=1,000 
Monthly 400 400 400 600 6,000 600 1,000 4,000 400 1,000 
Titrations 400 400 400 2,000 10,000 600 1,000 14,000 600 400 

800 400 2,000 1,000 
Seasonal 1,000 4,000 200 = 1,000 600 200 600 16,000 1,000 1,000 
Titrations 400 6,000 600 6,000 600 200 400 16,000 2,000 400 
2,000 1,000 2,000 800 1,000 1,000 1,000 4,000 4,000 2,000 
1,000 


comparing titers of many patients or serial studies on the same patient. To 
examine this question, the immediate and prolonged effect of a single dose of 
antigen was studied in two individuals who had already received sufficient treat- 
ment to have a moderate antibody titer. These studies were made before the 
onset of the pollen season. The results are tabulated in Tables V and VI. It was 
observed that patient, E. T., showed a slight drop immediately after injection 
before rising above preinjection level, whereas patient M. J. showed a steady in- 
crease until a peak was reached. The time of maximum titer varied greatly. An 
identical study had been made on patient M. J. one year previously. The results 
of the two seasons are compared in Table VI. An initial depression in titer fol- 
lowing injection appeared in one series and was absent in the other. It is ap- 
parent that the discrepancies are very great. 


TABLE V. Errecr oF ADMINISTRATION OF SINGLE DOSE OF ANTIGEN ON THERMOSTABLE 
ANTIBODY TITER 


PATIENT PATIENT 
E. T. M. J. 
(PRESEASONAL) (PERENNIAL) 
Interval Since Last Injection 1 week 4 weeks 
Pre-injection Titer (PNU) 
(2 minutes previous) 800 6,000 
Dose Given (PNU) 
Post-injection Titers (PNU 2,000 10,000 
Y% hour 600 14,000 
1 hour 600 16,000 
2 hours 1,000 18,000 
4+ hours 1,000 20,000 
8 hours 4,000 12,000 
24 hours 6,000 12,000 
48 hours 6,000 14,000 
3 days 4,000 16,000 
4 days 1,000 12,000 
6 days 800 
7 days 600 16,000 
11 days 18,000 
14 days 12,000 
18 days 18,000 
21 days 10,000 
25 days 18,000 
28 days 4,000 
DISCUSSION 


The variables in the determinations attempted are so great that it is ex- 
tremely difficult to evaluate critically the role of thermostable antibody in the 
amelioration of symptoms of pollinosis. The inability to interpret the occurrence 
of daily, even hourly fluctuations of titer, lack of correlation with previous treat- 
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TABLE VI. Errect oF ADMINISTRATION OF SINGLE Dose oF ANTIGEN ON THERMOSTABLE 
ANTIBODY TITER 


PATIENT M. J. 


(PERENNIAL) 
1945 | 1946 
Interval Since Last Injection 3 weeks 4 weeks 
Pre-injection Titer (PNU) 2,000 6,000 
(2 minutes previous) 
Dose Given (PNU) 10,000 10,000 
Post-injection Titers (PNU) 
¥% hour 600 14,000 
8 hours 800 12,000 
24 hours 2,000 12,000 
48 hours 6,000 14,000 
7 days 800 16,000 
14 days 6,000 12,000 
21 days 2,000 10,000 


ment and total dosage, and the variability in titer occurring on exposure to 
atmospherie pollens support this contention. 

Cooke*™" has suggested that blocking antibody may be the sum of several anti- 
bodies, since unfractionated pollen extracts such as were used in these studies 
are mixtures containing several antigens. Furthermore, there is not yet experi- 
mental proof that the antigen fraction stimulating thermostable antibody in the 
human is the same as that which is precipitinogenie upon intramuscular injection 
in the rabbit. Recent studies in this laboratory on thermal deterioration of un- 
fractionated pollen extract are of some interest in relation to this problem. Our 
observations indicate that there is uniformly parallel reduction in both reagin- 
neutralization and rabbit serum precipitation activity of pollen extracts de- 
teriorated by heat (to be published). Repetition of experiments here reported 
with antigens at least comparable to Fractions 1 and 2 of Cooke and his associates 
may be helpful. 

There are very many variables which enter into this problem ; those inherent 
in the estimation of symptoms; the known multiplicity of antigens in pollen ex- 
tracts; the uncontrolled variability in exposure to atmospheric pollen and the 
influence of circulating antigen; the possible difference of antigen that induces 
thermostable antibody from that which is precipitinogenie in rabbits; and the 
marked quantitative variation in antibody following a given injection of pollen 
extract. Until these are resolved, the problem is far too formidable to reduce to 
simple terms. Although the present study failed to establish an immunological 
basis for clinical improvement following specific pollen therapy, it may well be 
that values of antigen and antibody titers in the circulating blood are entirely 
incidental to the immunological reactions that occur in the tissue cells and are 
responsible for symptoms. 

SUMMARY 

1. There was a general lack of correlation between thermostable antibody 
titer as determined by the methods used and degree of clinical protection. 

2. The mechanism by which clinical improvement occurs following specific 
pollen therapy remains unknown. 


The authors wish to express appreciation to Dr. Herman Erlanger and Dr. Charles H. 
Eyermann for their kindness in securing many blood samples for this study. 


8 THE JOURNAL OF ALLERGY 


REFERENCES 
1. Cooke, R. A., Barnard, J. H., Hebald, S., and Stull, A.: Serological Evidence of Im- b 
munity With Co-existing Sensitization in a Type of Human Allergy (Hay Fever), i 
J. Exper. Med. 62: 733, 1935. 
2. Harley, D.: Hay Fever. I. The Effect of Pollen Therapy on the Skin Reactions; II. A 
Reaction Inhibiting Substance in the Serum of ‘lreated Patients, J. Path. Bact. 


44; 589, 1937. 
3. a, Cooke, R. A., Loveless, M. H., and Stull, A.: Studies on Immunity in a Type of 
Human Allergy (Hay Fever); Serologic Response of Non-Sensitive Individuals to ; 


Pollen Injections, J. Exper. Med. 66: 689, 1937. | 
lb, Schmidt, W. M., and Lippard, V. M.: Human Passive Transfer Antibody. III. 
Serial Titrations on Treated and Untreated Patients With Hay Fever, Am. J. Dis. 
Child. 56: 550, 1938. 
+, Langner, P, H., and Kern, R. A.: Studies on the Immunology of Hay Fever. A, Con- | 
firmation of Blocking Substanee Formation by Pollen Treatment. Bb. Use of i 
Lyophile Serum in Study and Treatment, J. ALLERGY 10: 1, 1958. 
d, Sherman, W. B., Stull, A., and Cooke, R. A.: Serologic Changes in Hay Fever Cases 
Treated Over a Period of Years, J. ALLERGY 11: 225, 1940. 
e. Loveless, M. H.: Humoral Antibody and 'Tissue Tolerance Induced in Pollen Sensitive 
Individuals by Specific Therapy—Preliminary Report, South. M. J. 33: 869, 1940, 
f. Loveless, M. H.: Immunological Studies of Pollinosis. I. The Presence of ‘Two 
Antibodies Related to the Same Pollen Antigen in the Serum of Treated Hay 
Fever Patients, J. Immunol, 38: 25, 1940. 
g. Seully, M. A., and Rackemann, F. M.: Studies on the Blocking Antibody of Cooke 
in the Treatment of Hay Fever, J. ALLERGY 12: 549, 1941. 
h. Sherman, W. B.: Changes in Serological Reactions and Tissue Sensitivity in Hay 
Fever Patients During the Early Months of Treatment, J. Immunol, 40: 289, 1941. 
. Loveless, M. H.: Immunological Studies of Pollinosis. I11. Fluctuation in Antibody 
Titer of Normal Individuais Subeutaneously and Intravenously Injected With 
Pollen Extract Over Protracted Periods, J. Immunol. 44: 1, 1942. 
Loveless, M. H.: Immunological Studies of Pollinosis. IV. The Relationship Between 
Thermostable Antibody in the Circulation and Clinical Immunity, J. Immunol. 47: 
165, 1943. 
k. Loveless, M. H.: Immunological Studies of Pollinosis. V. The Enhanced Response 
in Hay Fever, J. Immunol. 47: 283, 1945. 
Frank, D. E., and Gelfand, H. H.: Studies on the Blocking Antibody in Serum of 
Ragweed Treated Patients. I. A Search for Inhibiting Substances in Other Types 
of Immune Serum, J. ALLERGY 14: 273, 1943. 
m. Dishoeck, H. A. E. V., and Klein, 8. P.: An Anti-Reagin in the Desensitization of 
Patients With Allergic Diseases, Acta Med. Scandinav. 65: 331, 1943. 
n. Cooke, R. A.: A Consideration of Some Allergy Problems. II. Serologic Studies of 
the Skin Reacting Allergies (Hay Fever Type), J. ALLERGY 15: 212, 1944. 
o. Loveless, M. H.: Immunologic Studies of Pollinosis. VI. Shortening the Treat- 
ment of Hay Fever, J. ALLERGY 15: 511, 1944. 
p. Gelfand, H. H., and Frank, D, E.: Studies on the Blocking Antibody in Serum of 
Ragweed-Treated Patients. II. Its Relation to Clinical Results, J. ALLERGY 15: 


. 


332, 1944. 
q. Brown, E. A., and Holden, E. M.: The Presence of Thermostable Inhibiting Factor . 
in the Sera of Patients Treated for Hay Fever by Injections of Pollen Extract, O 
Ann. Allergy 2: 207, 1944. : 
r. Maunsell, K.: Direet Test for Blocking Antibody in Treated Hay Fever, Lancet ; 
251: 99, 1946. 4 
4. Johnson, M. C., Alexander, H. L., Robinson, R., and Alexander, J. H.: A Quantitative 4 
Method for Measurement of Precipitin Reactions, J. ALLERGY 15: 83, 1944, : a 
5. Hampton, S. F., Johnson, M. C., Alexander, H. L., and Wilson, K. 8.: Detection of the i di 
Thermostable Antibody by Means of the Precipitin Reaction, J. AttErRay 14: 4 at 
227, 1943. 
6. Johnson, M. C., Alexander, H. L., Alexander, J. H., and Walker, H. M.: Measurement ( th 
of Circulating Ragweed Antigen, J. ALLERGY 16: 261, 1945. al 
7. Alexander, H. L., Johnson, M. C., and Alexander, J. H.: Measurement of Circulating } 2] 
Ragweed Antibodies and Antigen. Correlation With Symptoms and Treatment, sti 
J. ALLERGY 17: 340, 1946. 
re 
De 


Mic 


Original Articles 


MEASUREMENT OF VITAL CAPACITY IN ASTHMATIC SUBJECTS 
RECEIVING HISTAMINE AND ACETYL-BETA-METHYL CHOLINE. 
A CLINICAL STUDY*t 


JOHN J. Curry, M.D., AND France: C. Lowei, M.D., Boston, Mass. 


HERE are a number of reports'* describing the occurrence of asthmalike 

attacks following the administration of acetyl-beta-methyl choline (here- 
after referred to as mecholyl), histamine, pilocarpine and carbaminocholine in 
asthmatic subjects. Substances in addition to histamine and mecholyl with 
which we have produced and studied asthmalike attacks are piloearpin,t° aller- 
genie substances,’ acetylcholine,t furfuryltrimethyl] ammonium iodide§ and 
prostigmine. Attacks produced with any of these agents may be disagreeable 
and possibly dangerous. An improved means of studying the asthmalike at- 
tacks which may follow the administration of these agents, with little discomfort 
to the subjects, became available when it was observed that the injection of 
histamine and mecholyl** and the inhalation of aerosolized pollen extracts® 
produced readily measurable reductions in vital capacity in many asthmatic 
subjects. 

Such changes were sometimes found to oceur in the absence of recognizable 
signs of asthma, and subjective sensations were occasionally minimal or absent. 
Using this technique, it was shown that pulmonary changes of approximately 
the same degree, as measured chiefly by the vital capacity and to a lesser ex- 
tent by the degree of subjective sensations and appearance of signs in the chest. 
would follow repeated injections of the same amount of histamine or mecholy]l. 
The reduction in vital capacity was proportional to the size of the dose of hista- 
mine administered, and roughly proportional to that of mecholyl. In the present 
study, we have tried to determine what clinical features, if any, characterize 
asthmatie subjects exhibiting different degrees of susceptibility to the injection 
of these two drugs. 

MATERIALS AND METHODS 


The details of the method for determining the changes in vital capacity, 
and the manner in which histamine and mecholyl were administered, have been 
deseribed elsewhere.”»8 Patients came to the laboratory at least two hours 
after a meal, having received no medication for twelve or more hours prior to 
the test. They were comfortably seated and a twenty-minute rest period was 
allowed. In this interval the nature of the test was explained and reassurance 
given. From three to six vital capacity measurements were made, using a 
standard Benedict Roth Basal Metabolism Apparatus. The vital capacity was 
recorded on a drum moving at a speed of 27 em. per minute, so that examination 


*From the Allergy Clinic, Evans Memorial, Massachusetts Memorial Hospitals and the 
Department of Medicine, Boston University School of Medicine. 


+This work was supported in part by a grant from the Upjohn Company, Kalamazoo, 
Michigan. 


tKindly supplied by Merck and Co., Inc. 
§Kindly supplied by Smith, Kline and French Laboratories. 
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of the slope might help in distinguishing between reductions in vital capacity 
due to the drug and failure to perform the test with maximal effort. Further- 
more, interference with measurement of the vital capacity due to coughing 
could be readily detected. Recording of the expiratory curve in addition af- 
forded a means of measuring changes in the rate of maximal expiration. It was 
observed that a marked slowing of expiration might oceur in the absence of an 
appreciable reduction in vital capacity, indicating respiratory embarrassment, 
and suggesting that a reduction in the vital capacity may be only one of the 
imporant changes that occur during the pulmonary reaction. Some of these 
changes will be reported in detail at a later date. The greatest dose of histamine 
base was 0.04 mg. given intravenously, and that of mecholyl was 6 mg. given 
intramuscularly. Larger doses tended to produce side-effects which interfered 
with the performance of the test. The responsiveness to histamine and mecholy! 
was determined within a period of a few days, since experience showed that 
the amount of reduction in the vital capacity and changes in expiratory slope 
varied with the degree of asthma present at the time of the tests. 

As reported elsewhere, of ten normal subjects, no reduction greater than 
3 per cent followed the intravenous injection of 0.04 mg. histamine base. After 
the intramuscular injection of 6 mg. of mecholyl, however, three of ten normal 
subjects exhibited a reduction of 6 per cent, 6 per cent, and 4 per cent, re- 
spectively. 

The selection of asthmatic subjects was necessarily limited to cooperative 
individuals whose asthma was not sufficiently severe or so continuous as to in- 
terfere with satisfactory performance of the vital capacity measurements. Some 
of the more important data pertaining to each of the subjects studied are given 
in Table I, as well as the results of the tests with histamine and mecholyl. In 
the discussion which follows, the degree of responsiveness to the two drugs is 
estimated by taking into account both the percentage decrease in vital capacity 
and the amount of the drug that was required to produce it. 

Thus a patient showing a 30 per cent decrease following the injection of 
6 mg. of mecholyl, the largest dose used, will be considered less responsive than 
one suffering a 20 per cent decrease with a dose of 1 mg., the smallest dose used. 
The responsiveness of the subjects to mecholyl and histamine ean be simply, 
if somewhat arbitrarily, expressed in a range from 0 to 3+ by referring to 
Table II, thereby facilitating discussion of the data. The four patients who 
received histamine intramuscularly (Cases 6, 13, 19, 38) were considered to be 
more responsive than the size of the reduction in vital capacity would indicate, 
because the drugs given in this manner are much less effective in producing 
asthmalike attacks. A fifth subject (Case 9) received six deep inhalations of 
an aerosolized solution of mecholyl in a concentration of 4 per cent, and a 
change took place which we considered indicative of moderate responsiveness. 

All the tests reported herein were done in the period from June, 1945, to 
June, 1947. 

RESULTS 


Influence of various clinical characteristics of asthma upon the responsive- 
ness to histamine and mecholyl.—An analysis of the forty cases of bronchial 
asthma shown in Table I with regard to possible correlation between certain 
clinical features on the one hand and responsiveness to mecholyl and histamine 
on the other is presented in Table III. Classification of the cases, both with 
regard to clinical features and responsiveness to the two drugs, is made difficult 
by the lack of a single criterion in many of the categories by which a patient 
may be included or excluded. We recognize, therefore, that the rather arbitrary 
manner of classification adopted here may not be the only one applicable to a 
group of this kind. Referring to Table III, it may be seen that those patients 
whose asthma was regarded as severe were as a group more responsive to 
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TABLE II. SCHEMA USED FOR CLASSIFICATION OF PATIENTS WITH RESPECT TO PULMONARY 
RESPONSIVENESS TO ACETYL-BETA-METHYL CHOLINE AND HISTAMINE 


DRUG ADMINISTERED 
MECHOLYL | HISTAMINE PER CENT FALL IN VITAL CAPACITY 

DOSE IN MG. 3704 | 57010 | 117020 | 2117039 | 40+ 

1 0.01 + ++ ++ +++ +++ 

2 0.02 + + - ++ ++ +++ 

3 0 + + ++ ++ 

4 0.03 0 ~ + ++ ++ 

6 0 + + ++ ++ 


0 = no responsiveness ; + = slight responsiveness ; + + = moderate responsiveness ; +++ = 
marked responsiveness. 


histamine and mecholyl than were those with mild asthma. Furthermore, those 
with asthma, the onset of which was within five years of testing, tended to be 
less reactive to mecholyl. Finally, five cases whose asthma had ceased two years 
or more before testing showed little responsiveness to either drug, whereas the 
eroup having asthma currently contained a large proportion who reacted 
moderately or markedly. Age and sex appeared to have no influence on the 
responsiveness to the two drugs. Furthermore, no significant differences were 
observed between those subjects having associated allergies or strongly positive 
family histories of asthma, hay fever, eczema, or urticaria, or of asthma alone, 
and that group in which there were no associated allergies or a negative family 
history for allergy. 


TABLE ILI. RELATION OF VARIOUS CUINICAIL FEATURES TO THE PULMONARY RESPONSIVENESS 
or ASTHMATIC SUBJECTS TO HISTAMINE AND ACETYL-BETA-METHYL CHOLINE 


TOTAL 
aeneeiee INTENSITY OF RESPONSE* TO 
OF MECHOLYL HISTAMINE 
CLINICAL FEATURES CASES | + | ++ 0 | + | ++ 
Intensity of Severe ila) 0 0 + 7 i 0 3 7 
asthma Mild 12 1 5 + 2 4 2 5 1 
Years since onset|/5 or less 11 2 3 6 0 2 2 5) 2 
6 or more 28 0 6 at 9 6 + 8 10 
Time since last |2 years or more 5 1 3 1 0 2 2 1 0 
attack Current 33 2 7 15 9 6 5 10 12 
Age Over 40 years 10 1 1 6 2 3 0 5 2 
Under 40 years 30 2 9 12 7 5 7 8 10 
Sex Male 20 2 5 11 2 + 3 9 + 
Female 20 a 5 if 7 + + + 8 
Associated Present 22 al 6 10 9) 5 4 7 6 
allergies Absent 17 2 3 8 4 3 2 6 6 
Family history |Strongly positivet 10 0 4 5 1 1 3 4 2 
Asthma 19 2 4 10 3 4 3 5 7 
Negative 11 0 2 6 3 3 2 3 3 


*See Table I. 


{Three or more members with asthma, hay fever, eczema, or hives, or two or more 
members with asthma, 


These findings suggest that the susceptibility to mecholyl and histamine 
as measured by changes in vital capacity is conditioned by asthma itself and 
not by characteristics of the individual which might predispose to the develop- 
ment of atopic manifestations. This will be discussed in more detail below. 

Clinical features characterizing patients exhibiting either marked or slight 
responsiveness to injected mecholyl or histamine.—In the entire group of forty 
patients there were six who reacted markedly to both histamine and mecholyl 
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and six additional subjects who reacted markedly to one and moderately to the 
other. In nine patients there was no reduction in vital capacity following the 
injection of histamine, and there were three patients who failed to respond 
either to histamine or mecholyl. In no instance did a subject who was responsive 
to histamine fail to respond to mecholy]. 

There were seven patients (Cases 5, 7, 9, 11, 19, 26, 27) who, under the 
conditions of testing, appeared to react more intensely to histamine than to 
mecholyl, and nine (eases 8, 15, 16, 17, 18, 23, 29, 34, 36) who reacted more 
strongly to mecholyl than to histamine. As the dosages by weight of histamine 
and mecholyl were quite different, the latter being in the order of ten to twenty 
times larger than the former, this comparison is open to objections. The route 
of administration of the two drugs was likewise different. However, the highest 
dose of each drug was as large as could be given without the occurrence of side 
reactions which might have interfered with the performance of the tests. The 
production of headache was the chief limiting factor with histamine, and that 
for mecholyl, though less disturbing to the patient, was a feeling of weakness. 
No definite differences so far as clinical features were concerned was demon- 
strable between the two groups, with the exception that the average duration 
of the asthma in the group exhibiting a greater response to histamine than 
mecholyl was eight years (average age of group, 28 years), whereas that in the 
second group was 25 years (average age of group, 32 years). In the group 
having the greatest susceptibility, relatively speaking, to mecholyl, the respon- 
siveness to the two drugs was in general less than the group exhibiting the 
greater sensitivity to histamine. 

There were eight patients (Cases 16, 17, 18, 20, 21, 23, 31, 34) who gave 
no response to histamine. One patient (Case 34) gave a moderate response to 
mecholyl, four (Cases 16, 17, 18, 23) reacted slightly, and three (Cases 20, 21. 
31) failed to react either to histamine or mecholyl. One patient (Case 15) who 
might be included in this group gave a borderline response to histamine, but 
was markedly responsive to mecholyl. These cases will be discussed in more 
detail below. Of this group of eight subjects there were none who had severe 
and frequent asthma, two (Cases 16, 23) whose asthma was mild, and one (Case 
31) who had had no asthma for five years. Of the three subjects failing to 
react either to mecholyl or histamine, two (Cases 20, 21) had asthma of only 
a few weeks’ duration. One of these (Case 21) had typical asthma of moderate 
severity for about one week in June at a time when her house was being painted. 
However, this patient has had no asthma in the vear that has elapsed since the 
tests were done. The other patient (Case 20) had asthma of only three months’ 
duration. The third patient (Case 31) had the onset of asthma eleven years 
previously but, as stated above, had had no attacks for five years. 

Failure of asthmatic subjects to respond to injected histamine or mecholyl, 
therefore, was associated in this study with asthma of moderate or mild degree, 
very recent onset, or apparent recovery, 


DISCUSSION 


Analysis of the responsiveness of this group of asthmatie subjects to injected 
histamine or mecholyl with respect to various clinical features yields relatively 
few correlations. In general, those patients having prolonged and severe asthma 
showed the most marked response to histamine and mecholyl. Likewise, those 
with mild asthma tended to react less, as did also those whose asthma had ceased 
or whose asthma was of very recent onset. Especially striking was the ob- 
servation that most of those subjects exhibiting no response to either of the 
two drugs, or who failed to respond to histamine and responded only slightly 
to mecholy! had either mild asthma or had had asthma for only a short period. 
With these exceptions, clinical features such as age, sex, associated allergies, 
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and family history of allergy had little or no demonstrable influence on the 
responsiveness to histamine or mecholyl. Although it appeared that asthmatic 
subjects with strong family histories of allerey were not more reactive to 
mecholyl and histamine than those with a negative family history, this may not 
be the case in hay fever as has been described elsewhere.s The exact nature 
of the asthmalike attack induced by the administration of histamine or mecholy] 
is not known. Tachypnea is not a factor, since in many instances the reaction 
occurs When the respiratory rate is little changed. Increased venous return to 
the heart and pooling of blood in the lungs is likewise not of primary import- 
ance, since the reductions in vital capacity were too great in many cases to be 
explained on this basis, and significant changes were not observed in the 
control subjects. 

The reduction in vital capacity and/or prolongation of the expiratory slope 
could be explained by bronchoconstriction, edema of the bronchial wall, or 
excessive bronchial secretions causing complete or partial obstruction of the 
bronehi. The rapidity of the changes in vital capacity would favor narrowing 
of the bronehi, bronchioles and perhaps respiratory bronchioles due to smooth 
muscle spasm, edema or both. Excessive secretions did not appear to be a 
primary factor since moist rales were not heard and the attacks induced by 
pilocarpine, which caused the greatest secretory response,’ were generally less 
intense than those due to histamine and mecholyl. In view of the fact that a 
decrease in the intensity of the breath sounds was occasionally noted when the 
vital capacity was reduced, complete occlusion of some bronchioles may well 
have taken place, and this is also suggested by the occasional absence of chest 
signs, even when the vital capacity was markedly reduced. 

Although histamine and mecholyl have been injected into susceptible in- 
dividuals over a period of two years, few serious reactions have occurred. In 
one patient (Case 1), 2 mg. of mecholyl induced such a severe attack that im- 
mediate relief was necessary. It is interesting to note that atropine afforded 
only partial relief of this attack, but prompt relief followed the administration 
of epinephrine. In another patient (Case 16), 6 mg. of mecholyl induced an 
attack of paroxysmal auricular fibrillation which persisted for one hour, then 
disappeared spontaneously. In a third patient with hay fever who is not in- 
eluded in this study, the administration of 0.36 mg. of histamine base intra- 
museularly caused a mild shoeklike state which disappeared after fifteen minutes’ 
recumbeney. These experiences, though relatively few, suggest that the drugs 
should be administered with eaution. 

In collecting and studying these cases, we have been impressed by one 
feature of asthmatie subjects as a group which, though recognized, is not often 
stressed. This is the rarity of eases exhibiting a purely ‘‘extrinsie’’ type of 
asthma, patients in whom attacks occur only upon exposure to substances to 
which they are clearly sensitive. The great majority of patients whom we have 
seen, though they may exhibit clinical sensitivity to one or more allergens, have 
asthma at odd times, apparently unassociated with exposure to a recognizable 
allergen, and very frequently brought on by exposure to cold air, steam, extremes 
of temperature, fits of laughter, coughing or erying, emotional upsets, respira- 
tory infections, and inhalation of smoke, particulate matter, soap flakes, strong 
odors, or irritating eases. The role of emotional disturbances as possible non- 
specific factors in the production of asthmatic attacks should be emphasized 
because of the increasing interest in this aspect of asthma.* The majority of 
our patients have observed intensification of their asthma during periods of 
emotional stress. The nonspecifie character and the variability of stimuli that 
may give rise to wheezing is striking. Although exposure to one or more aller- 
gens to which the patient is sensitive may act to ‘‘set the stage’’ for the attack 
for which the above factors may be merely contributing or secondary causes, 
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we are inclined to the opposite view, namely, that the asthmatic individual is 
predisposed to asthma from any of the above causes including exposure to 
allergens to which may be added histamine and agents which stimulate the 
parasympathetie nervous system, 

As shown by Curry, ” the pulmonary response of asthmatic subjects to 
injected mecholyl may he prevented or markedly inhibited by atropine, whereas 
benadryl or py ribenzamine give no protection, These two drugs give marked 
protection against histamine," against which atropine is relativ ely ineffective. 
Using aerosolized pollens as a means of producing asthmalike attacks,® ™ it 
was possible to show that neither atropine nor the antihistamine drugs gave 
protection or relief, indicating that attacks produced in this manner may more 
closely resemble spontaneously occurring asthma than attacks produced by 
histamine or mecholyl. Thus the asthmalike attacks produced by histamine, 
mecholyl, and aerosolized pollens are apparently different, and these differences 
should be kept in mind in attempts to adopt this technique for the study of 
new drugs for the treatment of asthma. Furthermore, these results east doubt 
on the theory that derangement of the parasympathetic nervous system is the 
primary eause in all cases of spontaneous asthma, and suggest that operative 
procedures with the removal of the parasympathetic plexuses as their object 
may be illogical, 

The two drugs, aminophylline and epinephrine, which are recognized as 
very effective in the treatment of spontaneously occurring asthma, have also 
been shown to be highly effective in protecting asthmatie subjects against the 
three agents mentioned, aminophylline proving to be somewhat superior to 
epinephrine. These findings suggest that atropine, the antihistamine drugs, 
and the two drugs, aminophylline and epinephrine, have qualitatively distinct 
actions on the lung, 


SUMMARY 


1. Changes in the vital capacity were studied following the injection of 
acetyl-beta-methyl choline and histamine in forty asthmatie subjects. 


2. Analysis of the results with respect to the pulmonary responsiveness to 
the two drugs on the one hand and various clinical features on the other indicate 
that: (a) patients with severe asthma were most responsive to the two drugs 
and those with mild asthma were least responsive; (b) patients with asthma 
of very recent origin or those whose asthma had ceased or markedly diminished 
were cither slightly responsive or not responsive at all; (¢) age, sex, the presence 
of hay fever, eezema, or urticaria in the subject or the subject’s family appeared 
to have no influence on the susceptibility to the two drugs. 


It is concluded that of all the factors considered, asthma was the only one 
which appeared to have a direct influence on the pulmonary responsiveness to 
histamine and acetyl-beta-methy] choline. 
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TISSUE CHANGES IN ALLERGY* 
Kuinr, M.D., CLEVELAND, OHIO 


N A previous article with A. M. Young,' normergie and allergic inflammation 
was discussed, and descriptions and illustrations of allergic lesions were pre- 
sented. The study included observations on routine microscopic examination 
of surgical and autopsy specimens over a 10-year period. Since that time (the 
past twelve years) additional surgical and autopsy specimens showing histo- 
pathologie evidences of allergic reaction have been observed. Based upon these 
studies and others recorded in the literature,?*’ and considering, as suggested 
by Doerr,?* that allergy comprises all disorders due to antigen-antibody reac- 
tion including those of atopy, idiosynerasy, and anaphylaxis, the tissue changes 
in allergy may be considered under five headings as follows: 


1. FUNCTIONAL CHANGES OF TISSUES IN ALLERGY 


A tissue sensitized by an antigen may react on second or subsequent expo- 
sure in a functional manner. Sensitized smooth muscle, for instance, when ex- 
posed to the antigen, may contract, and the result be expressed in coughing. If 
the response is more intense, there may be spasm of the smooth musele and this 
be reflected in constriction and usually a feeling of pain. Any part of the body 
may be affected. Furthermore, repeated exposure of smooth muscle to the 
antigen may result in hypertrophy, as is frequently observed in arteries, and 
in the smooth muscle at the pylorie ring. 

Sensitized tissues, other than smooth muscle, when exposed to the antigen 
respond funetionally (e.g., increased permeability of capillary endothelium, 
secretion, or excessive secretion of mucus from bronchial and gastrie glands), and 
likewise show little or no morphologie abnormality. 

The most severe functional reaction of tissues in allergy is that of spasm 
of smooth muscle, and, when affecting the bronchial musculature of the guinea 
pig, as is well known, it may cause the death of the animal (anaphylactie 
shock). 

2. INFLAMMATORY CHANGES OF TISSUES IN ALLERGY 


The typical inflammatory allergic reaction is exemplified by the allergie 
wheal. As reported by Kline, Cohen, and Rudolph,® ‘‘Seetions made of the 
skin of an individual hypersensitive to ragweed, removed five minutes after the 
intracutaneous injection of ragweed pollen extract, show slight engorgement of 
blood vessels and slight edema most discernible in the papillary layer of the 
dermis. Very few leucocytes are present, and these are observed here and there 


in a few blood vessels in the reticular laver of the dermis. Seetions of skin 


*From the Laboratory Department of Mt. Sinai Hospital. 
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removed ten minutes after injection of allergen show more marked vascular 
engorgement and edema. There is also an intravascular leucocytosis of slight 
to moderate degree affecting a few vessels in the dermis. An occasional leu- 
cocyte is observed in perivascular location. At this stage, 90 per cent of the 
leucocytes are of polymorph-neutrophilie type, the remainder eosinophilic. At 
fifteen minutes, the picture is that of an early inflammation with moderate 
congestion and edema, a moderate number of vessels showing a few to many 
wandering cells in the lumen and in the wall. A few leucocytes also are observed 
here and there in perivascular tissues. At this time, the eosinophiles number 
25 per cent of the wandering cells present. At 20 minutes, the picture of in- 
flammation is decidedly more marked, the edema well defined, the vessels in 
general are engorged and the majority show wandering cells in the lumen, in 
the wall, and in the neighboring perivascular tissues. Striking and unusual is 
the fact that eosinophilic cells represent about one-half of the wandering cells. 
At thirty minutes the changes are somewhat more marked than at twenty min- 
utes, and in one instance the picture is that of a severe inflammation with a 
marked, almost pure (90 per cent) eosinophilic leucoeytosis involving vessels, 
perivascular areas, and tissues of dermis and subeutaneous fat. (In the seven 
specimens of twenty to thirty-five minute stages observed, the local eosinophilia 
averages 59 per cent. In two specimens it is 90 per cent, in one 25 per cent, 
in three 50 per cent, and in one 60 per cent.) Except for possibly slight swell- 
ing of the muscle cells of small arteries showing a leucocytosis, no fixed tissue 
cell changes are observable in the early lesions. 

At three hours the local reaction in general is even more marked than at 
thirty minutes with wandering cells, not only in and about the blood vessels, 
but also quite diffusely scattered through the tissues (both dermis and sub- 
cutaneous fat). The leueocytosis, however, has altered strikingly. The eosino- 
philes now represent but 10 per cent of the total. The neutrophiles number 
82 per cent, and monocytes to the extent of 8 per cent are present in and about 
the blood vessels, and the picture is much like that of an ordinary inflammation 
of considerable intensity. 

At six hours the inflammatory picture is somewhat more marked than at 
three hours, with decidedly more numerous (20 per cent) monoeytes in the 
exudate. The neutrophiles number 70 per cent and the cosinophiles represent 
but 10 per cent of the total. It is possible that at this stage the inflammation 
is at its peak. 

At twenty-two hours (after the injection of dust extract in a dust hyper- 
sensitive individual) the loeal reaction is still considerable; the cells are present 
in much the same percentage as at six hours, and, although the monocytes appear 
fewer in number, many more contain tissue fragments and degenerated cells, 
especially polymorphs. Furthermore, about 20 per cent of the polymorph neu- 
trophiles in the exudate show various degenerative changes.”’ 

Early in allergie inflammation there may be areas of hemorrhage. Late 
in the reaction, plasma cells may predominate in the infiltration, and some 
lymphocytes are usually present. When respiratory mucous membranes are 
involved, there is abundant secretion of mucus. 
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The strikingly altered tissue reactivity in allergy is shown exceptionally 
well in the histamine wheal. Whereas a thirty-minute histamine wheal in a 
nonallergie individual shows dilatation of small blood vessels and edema of 
regional tissues, the wheal in an allereie individual shows, in addition as marked 
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; Fig. 1.—Skin (low magnification). Congestion and edema of thirty minute normergic wheal. 


Fig. 2.—Skin (low magnification). Congestion, edema, marked vascular and tissue eosinophilia 
of thirty minute allergic wheal. 


a vascular, perivascular, and tissue eosinophilia as occurs on injection of 
allergen® (Figs. 1 and 2). 


Just as sensitized smooth muscle may react to antigen or to histamine not 
merely in the ordinary functional manner of contraction, but more intensely 
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and differently by spasm, so sensitized fibrovascular tissues may react to antigen 
or to histamine not merely by ordinary vascular dilatation and inereased capil- 
lary permeability, but also differently, with a pronounced exudation of eosino- 
philic wandering cells. 

As pointed out by Lewis,° the histamine wheal is almost full of fluid at 
three minutes. The local eosinophilia in the allergic reaction, however, does 
not reach its maximum before thirty minutes. The role of the eosinophilic 
wandering cell in the reaction is probably a defensive one to prevent or limit 
damage to the involved tissues. It is known by supravital staining with neutral 
red that the granules of the eosinophile (amber colored) are decidedly alkaline 
(pH 8 or more). Whether the alkalinity or other chemical quality of the 
granules or both are of importance in the allergic reaction and how, has not 
been determined. 


Fig. 3.—S. P. No. 54,393. Nasal polyp (low magnification). Area of allergic inflammation 
with abundant fibrin deposit. 


Réssle’ directly observed the changes of allergic inflammation in frog 
mesentery preparations. Application of swine serum in frogs previously sen- 
sitized to this foreign protein led to prompt stasis of the blood much greater 
in extent than in the untreated animals, and at the margins of the poisoned 
area there was a reversal of capillary blood flow. In addition, there was a 
much more rapid and much more intense accumulation of fluid and leucocytes 
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in the sensitized animals, a greater tendency to hemorrhage, and finally a 
greater delay in the resolution of the process. 


Inflammatory tissue changes due to allergic reactions involving nasal and 
sinus mucous membranes were reported by Finek,* Hansel,® Weille,’? and Coates 
and Ersner,'' and were remarkably alike in spite of the dissimilarity of the 
causative antigens. The inflammatory changes of the mucosa in bronchial 
asthma were well described by Huber and Koessler,'? Kountz and Alexander,'® 
and Steinberg and Figley.* Allergic inflammatory reactions involving the skin 
were described by Berger and Lang,’ and by Kline, Cohen, and Rudolph.’ 


4 
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Fig. 4.—S. P. No. 54,393. Nasal polyp (low magnification). Fibrocapillary tissue replacing 
fibrin deposit. 


In 1935 Kline and Young! reported: ** Reversible inflammatory lesions sug- 
gestively allergic in nature have been observed in nearly all the organs of the 
body in several hundred specimens in the course of routine examination of 
surgical and autopsy material at Mount Sinai Hospital during the past ten 
years. The majority were from the appendix, gall bladder, and Fallopian tubes. 
Other tissues similarly involved were nasal, sinus, and bronchial mucosa, synovial 
membrane, voluntary muscle, stomach, intestine, lymph node, bone marrow, and 
in a few instances other organs including lung, ovary, kidney, bladder, and 
brain. In a number of these cases there was a definite history of clinical allergy 
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of some sort. Typical examples in this group are the changes in the appendix 
and gall bladder.’’ : 

The inflammatory allergic reaction affects fibrovascular tissues primarily, 
and when it consists in great part of exudation of fluid and wandering cells 
and areas of hemorrhage in the tissues, these are soon disposed of and complete 
or almost complete restitution of the part to normal takes plaee. Not infre- 
quently, however, the reaction is more severe, and, in addition to the exudation 
of fluid and cells, there are proliferative, degenerative, or necrotic changes of 
the involved tissues. 


Fig. 5.—S. P. No. 45,205. Gall bladder (low magnification). Allergic inflammation with 
abundant fibrin deposit. 


3. PROLIFERATIVE CHANGES OF TISSUES IN ALLERGY 

The proliferative type of allergic reaction is associated with a more severe 
inflammation of fibrovascular tissues than occurs in the exudative type. The 
walls of small blood vessels show degenerative changes, and there is fibrin deposit 
in areas of edema. In addition, blood clot formation occurs in areas of hemor- 
rhage. Following these changes, the fibrin is replaced by proliferated fibro- 
capillary tissue. With repeated exposure of a sensitized mucous membrane to 
the antigen, for instance, the proliferative changes may finally dominate the 
histopathologic picture, as is typical in the case of the nasal polyp. Similar 
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proliferative changes are frequently observed associated with allergic inflam- 
mation of the appendix and of the gall bladder (Figs. 3 to 8). The inflam- 
matory and proliferative changes in terminal ileitis resemble those in nasal 
polyps. 

The proliferative changes of tissues in allergy are similar to those which 
follow certain ordinary inflammations (e.¢., in pneumocoecus pleurisy, fibrinous 
and fibrinopurulent exudates are bathed in plasma or serum containing anti- 
proteolytic enzymes, and, failing to be broken down, are organized by fibro- 
capillary tissue). 


mis 


Fig. 6.—S. P. No. 29,470. Gall bladder (low magnification). Fibrocapillary tissue replacing 
fibrin deposit of allergic inflammation. 

Proliferative changes are also observed in association with degenerative and 
necrotic lesions in allergy (deseribed below). As a result of such lesions involy- 
ing fibroendothelial tissues of joints, serous membranes, heart and blood vessels. 
there is regional fibrin deposit or thrombus formation. The fibrin er thrombus 
in turn ig organized by fibrous tissue and this is subsequently replaced by 
fibroendothelial tissues characteristic of the part. 


4. DEGENERATIVE CHANGES OF TISSUES ALLERGY 


The most clearly defined degenerative changes of certain allergie reactions 
are observable in the fibroendothelial tissues of heart and joints. Klinge’® 
injeeted horse serum into sensitized rabbits and noted eharaeteristieally fibrinoid 
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degenerative changes in connective tissues of joints and of heart valves similar 
to those observed in rheumatie arthritic and cardiovascular disease (Fig. 9). 
Not infrequently in rheumatic disease and in rabbits following repeated injections 
of foreign serum, the fibrinoid degeneration of fibrous tissue cells is followed 
by necrosis and also by degeneration and necrosis of regional endothelial cells. 
These changes are then followed by regional fibrin deposit or thrombus forma- 
tion. The fibrin deposit or thrombus is soon organized by fibrous tissue, and 
this is subsequently replaced by fibroendothelial tissues characteristic of the 
part (e.g., vegetation in rheumatic endocarditis). Although it is believed hy 


Fig. 7.—S. P. No. 52,811. Appendix (low magnification). Allergic inflammation with abundant 
fibrin deposit. 


some that tissue changes in rheumatism may be due to the direct action of 
streptococci or their products,” there is much evidence that the disease is of 
allergic nature (usually to streptococcus hemolyticus antigen according to 
Swift?’), and that repeated exposure of the sensitized valve to antigen results 
in repeated characteristic fibrinoid degeneration, and in necrosis, thrombosis, 
organization, and replacement by fibroendothelial tissues characteristic of the 
part. The valve becomes progressively thickened, and the associated lumen 
becomes progressively smaller. Regardless of the severity of the degenerative 
changes and the extent of the necrosis, there are usually no associated ordinary 
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inflammatory changes of the fibroendothelial tissues unless there is a secondary 
bacterial infection (usually by streptococcus viridans). In eases in which 
thrombus formation occurs in blood vessels in the myocardium, there may be 
complete occlusion and at times infarction of regional tissues. 

Frequently associated with fibrinoid degenerative changes of fibroendothe- 
lial tissues in rheumatism, there are granulomatous changes in regional fibro- 
vascular tissues (Aschoff body). Granulomatous lesions in the myocardium 
were also observed by Klinge’® in rabbits repeatedly injected with foreign serum. 


Vig. 8.—S. P. No. 53,950. Appendix (low magnification). Fibrocapillary tissue replacing fibrin 
deposit of allergic inflammation. 


5. NECROTIC CHANGES OF TISSUES IN ALLERGY 


Necrotiec changes of tissues in allergy often involve the parenchymatous 
organs. In the kidney, for instance, in eases of sulfonamide hypersensitivity’® 
and in the liver in eases of cinchophen idiosynerasy,?° exposure to the hapten 
may result in necrosis of parenchymatous cells, at times extensive enough to 
cause the death of the individual. Ordinarily there are no associated inflam- 
matory changes (Figs. 10 and 11). 

There is some evidence that status lymphaticus is also a disease of allergic 
nature,?! and that exposure of the sensitized lymphoid tissues to the antigen 
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or hapten results in necrosis of germ center cells. This parenchymatous allergic 
reaction is likewise ordinarily unaccompanied by exudative changes. 

The vascular tissues frequently show necrotic changes in allergy, and these 
vary from involvement of capillary walls as often seen in glomerular loops in 
the kidney to focal lesions of all coats of large arteries. 

The picture of the necrotic allergic reaction differs strikingly from that 
of the inflammatory one, and suggests that the degree of sensitization and 
reactivity of the tissues involved in the former is much greater than in the 
latter, that substances other than histamine are operative, or that a different 
intracellular change has been induced. 


. 


Fig. 9.—A. No. 2227. Endocardium (low magnification). Fibrinoid degeneration in rheumatic 
endocarditis. 


When allergic reactions are intense and repeated, the involved tissues may 
show many or all the types of lesions described above. Inflammatory, prolif- 
erative, degenerative, and necrotic changes occur classically in the Arthus 
phenomenon.” The phenomenon has been produced experimentally not only 
in the rabbit, but also in other laboratory animals including the guinea pig, 
rat, and dog,?*-*° and not only in the skin but also in the lung, kidney, joint, 
heart, pericardium, brain, stomach, and liver.?° 

Gruber,?* in 1925, pointed out that the marked tissue changes in periarteritis 
nodosa were apparently of allergic nature. Subsequent reports of Nieberle,?* 
Tschilikin,?? and Kline and Young" have added confirmation to this view. 
Recently, Rich, in a series of articles,*°-** has reported the occurrence of peri- 
arteritis nodosa in sensitized patients, and the experimental production of the 
lesions in sensitized animals. The following statements are quotations from 
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the latest of the articles: ‘‘In the case of the sulfonamides, it has been shown 
by Schénholzer* and by Davist that these drugs do attach themselves readily 
to human plasma protein, thus satisfying the condition necessary for rendering 
them capable of stimulating the production of specific, sensitizing antibody. 
Since, by this mechanism, the sulfonamides become able to sensitize and, there- 
fore, as we have shown, able to cause periarteritis nodosa, it may be expected 
that periarteritis nodosa will also result from hypersensitive reactions arising 
from a similar sensitization of the body to other drugs and chemical substances. 
The present report deals with an instance of periarteritis nodosa in 
which iodine was the offending, sensitizing agent.”’ 

Changes similar to the inflammatory, proliferative, degenerative, and ne- 
erotic changes of the tissues in the Arthus phenomenon and in periarteritis 
nodosa were reported by Kline and Young" in other tissues of the body, espe- 
cially in the appendix and in the gall bladder, and the likelihood of their allergic 
nature pointed out. In these mixed lesions, the remains of the characteristic 
allergic inflammation, notably eosinophiles, plasma cells, and edema, assist in 
the identification of the nature of the process. The tissue changes in some 
peptic ulcers resemble those of severe allergic reactions. 

In specific infectious diseases such as rheumatie fever, tuberculosis, and 
syphilis, the allergic inflammatory tissue manifestations may be not only rever- 
sible (positive tuberculin skin reaction and slowly resolving exudative pneu- 
monia in tuberculosis, positive luetin reaction in syphilis), but also of more 
lasting granulomatous type and characteristic of the disease as exemplified by 
the Aschoff body, the early tubercle and early gumma, produced by specific 
agents or their products after the body has been sensitized to them. Further- 
more, caseation necrosis in the tubercle and necrosis in the gumma may be 
expressions of allergic reaction in tuberculosis and syphilis, respectively. 

According to Rossle,?* the following diseases present allergic manifestations : 
rheumatism; ecroupous pneumonia (Lauche); periarteritis nodosa ((Cruber, 
Nieberle, Tschilikin); scrofula (Kruse); nephritis (Volhard, Luken, Kollert, 
Hepler-Simonds); arteritis of renal vessels in malignant sclerosis (Fahr) ; 
sympathetic ophthalmia (Riehm, Marchesan). It is well established for eczema 
(Bloch, Moro). For arteriosclerosis, early rheumatoid changes are often de- 
seribed; and for the advanced arteriosclerosis, it is established that it arises 
through scar forming rheumatic arteritis (Wiesel, von Glahn and Pappen- 
heimer, Chiari, Klinge). In typhoid fever there are many participating mani- 
festations that remind one of allergic tissue reactions, also in undulant fever 
(W. Loffler and A. V. Albertini). Bieling believes the same for Bang’s disease 
with its joint affections. 

As presented by Rossle,?* the allergic reaction may consist entirely of a 
focal hyperergie reaction localizing the antigenic poison as in the <Arthus 
phenomenon; and this organ or tissue disease prevent a blood disease. Tf, how- 


*Schoénholzer, G.: Klin. Wehnschr. 19, 790, 1940. 
7Davis, B. D.: Science 95, 78, 1942, 
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ever, the hypersensitive state is not very marked or the shocking dose is un- 
usually large, and, in spite of local blockage by hyperergie inflammation, some 
of the allergen spills over into the circulation, the safeguarding of the individual 
is achieved by the spleen, liver, and other allied protective embankments. If 
still more allergen chances to get into the circulation, the physiologic anergy 
of the remaining endothelium changes to hyperergy, and by the arrest of living 
or dead poison on the intima, various vascular granulomas result. If this last 
safeguard is finally broken through, the allergen penetrates to the tissues and 
produces different sorts of inflammation depending upon the kind and degree 
of the hypersensitivity. 

It seems more probable that antigens possess a variable capacity to sensitize 
and shock different tissues of the body. Whereas bacteria, for instance, may 
sensitize and shock reticulo-endothelial tissues predominatingly and_ pollens 
sensitize and shock mucous membranes and smooth muscle, other antigens more 
closely related to human proteins, as animal sera, may sensitize not only fibro- 
endothelial tissues but also serous membranes, the walls of large blood vessels 
and occasionally a parenchymatous organ and cause a great variety of allergic 
lesions. The most dangerous of all types of hypersensitivity apparently is that 
of idiosynerasy in which, for instance, sulfonamide or other drug conjugates 
with the body’s own plasma protein and sensitizes most of the body’s tissues 
including the parenchymatous organs. 


It must be remembered that changes similar to those of allergic reactions 
may be produced by specific agents in nonspecifically sensitized individuals 
(Parallergy of Moro and Keller,** e.g., transitory positive tuberculin reaction 
in children following vaccination with eowpox virus) and in specifically sen- 
sitized animals by nonspecific agents (the severe hemorrhagic lesions experi- 
mentally produced in the Sanarelli** and Shwartzman*® phenomena, as also the 
severe vascular lesions with thrombosis and necrosis produced by Mareus*’ and 
by Schmidt-Weyland** in rabbits sensitized with various bacteria or bacterial 
toxins and then injected repeatedly with adrenalin). These changes occurring 
in association with those of infectious diseases may explain mixed infections, 
superinfections, and complications of infections. Furthermore, some of the 
tissue changes caused by allergic reactions are similar to those of normergie 
reactions to injurious mechanical, thermal, actinic, chemical, toxic, or bacterial 
agents. This is especially true of necrotic and proliferative changes. It is 
impossible, for instance, to distinguish the arteriolar necrosis due to antigen- 
antibody reactions and those dependent upon hypertension and severe disturb- 
ance of renal function.*® 


It is known then that nonsensitized and sensitized tissues may respond to 
different foreign substances in the same manner and, on the other hand, react 
in a different manner to the same antigen or hapten on second or subsequent 
exposure. Complete understanding of the tissue changes, therefore, requires a 
knowledge of the state of the tissues when injured no less than a knowledge of 
the inherent toxicity of the foreign excitant. 
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DISCUSSION OF TISSUE CHANGES IN ALLERGY 


The earliest observations of general and local tissue anaphylactic reactions 
due to the injection in animals and in man of foreign protein, establishing them 
as antigen antibody reactions, were those of Portier and Richet in 1902,*° 
Arthus (1903),?? and Hamburger and Moro (1903) .‘! 

A broader concept of antigen-antibody feactions comprising hypersensi- 
tivity (including anaphylaxis), hyposensitivity, and immunity was introduced 
in 1906 by von Pirquet*? with the term, ‘‘ Allergy’’ to mean an altered reactivity 
of the organism induced by repeated exposure to the same organic excitant. 

Studies relating to anaphylaxis and its supposed opposite, immunity, estab- 
lished the importance for each of the size of the initial and subsequent doses 
of antigen and of the time intervals. Difficulty was experienced in the demon- 
stration of antibodies in the atopie disorders, and still more in the idiosynerasies. 

The complex serologic aspects of the various chemical and drug idiosyn- 
crasies were clarified especially by the work of Landsteiner,** and the disorders 
shown to depend in general upon a sensitization by a protein (at times the 
body’s own plasma protein) to which a hapten has been conjugated and to shock 
by a similar altered protein or by the hapten alone. 

As suggested by Doerr,?* since anaphylaxis, atopy and idiosynerasy have 
all been found to depend upon an antigen antibody-reaction, they should all 
be considered as types of allergy. 

Characteristic of allergic reactions are rapid onset, violent course, and slow 
regression. The tissue changes in allergy vary from no detectable morphologic 
alteration of cells to inflammatory, proliferative, severe degenerative, and 
necrotic lesions. In general, the tissue changes in allergy reflect the severity 
of the signs and symptoms of the reactions. This is not invariably the case; 
however, as is evidenced by the finding of no appreciable morphologic change 
of sensitized smooth muscle in animals dead from anaphylactic shock. 

The striking similarity of the histamine effect and that of general and local 
anaphylaxis was reported by Dale and Laidlaw (1911 and 1918).***° Rocha e 
Silva*® has recently presented, in schematic form, the extracellular and intra- 
cellular mechanisms by which histamine may be released from the cell. It is 
possible, as reported by Went,*? that various biologically active substances are 
released from different tissues by the antigen-antibody reaction; histamine from 
the lung, choline from the heart, adrenalin from the adrenal, ete., and these 
produce the pathologie changes. As stated by Dragstedt,‘® ‘‘The cardinal 
symptoms of anaphylaxis can thus be explained as being due, in the immediate 
instance, to an autointoxication by physiologically active substances normally 
resident in various tissue cells and liberated, therefore, by some change ir 
cellular permeability brought about by the antigen antibody reaction. ... It 
is also apparent that the reactions mediated by these anaphylatoxins may occur 
in the tissues from which they were liberated or in distant organs and tissues.’ ’ 
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SUMMARY 


1. As suggested by Doerr, the term ‘‘Allergy’’ is used to denote all dis- 
orders due to antigen-antibody reaction including those of atopy, idiosyncrasy 
and anaphylaxis. 


2. Characteristic of allergic reactions are rapid onset, violent course and 
slow regression. 


3. The tissue changes in allergy vary from no detectable morphologic 
alteration of cells to inflammatory, proliferative, severe degenerative, and 
necrotic lesions. 


4. In general, the tissue changes in allergy reflect the severity of the signs 
and symptoms of the reactions. This is not invariably the case, however, as 
is evidenced by the finding of no appreciable morphologic change of sensitized 
smooth muscle in animals dead from anaphylactic shock. 


5. It is probable that antigens possess a variable capacity to sensitize and 
shock different tissues of the body. 


6. Since nonsensitized and sensitized tissues may respond to different for- 
eign substances in the same manner and, on the other hand, react in a different 
manner to the same antigen or hapten on second or subsequent exposure, a 
complete understanding of the tissue changes, therefore, requires a knowledge 
of the state of the tissues when injured no less than a knowledge of the inherent 
toxicity of the foreign excitant. 


I wish to acknowledge with thanks the helpful suggestions relating to the manuscript 
made by Drs. Anna M. Young and Benjamin Nozik. 
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CHEMICAL STUDIES ON A SKIN-REACTIVE FRACTION FROM 
SHORT RAGWEED POLLEN*t 


KENNETH C. Pu.D., ARTHUR SAMUELS, PH.B., AND 
Minton M. Mosko, M.D., Cuicaco, Inu. 


N A recent review, Wodehouse and Coea,’ summarizing the results of chemical 
studies on pollen extracts, stated that, in their opinion, ‘‘the atopic excitant 
is, relative to protein, a small molecular yet nondialyzable, nitrogen and sulfur 
containing substance of complex polypeptide nature.’’ The exact nature of the 
skin-reactive principle is still unknown. The reviews of Wodehouse and Coca! 
and Newell? present all of the recent work on the fractionation of pollen extracts 
into different components. 

Previous studies in our laboratories* have shown that short ragweed pollen 
solutions can be separated into two different fractions; one heat-labile at pH 
4.0-4.1, the other heat-stable at this pH, and skin-reactive. The purpose of this 
investigation is to isolate and characterize the heat-stable fraction. An attempt 
will be made to correlate these results with those obtained in other laboratories. 


EXPERIMENTAL 
Method of Preparation.—The following was a typical experiment : 


One hundred grams of short ragweed pollent was defatted with ethyl 
ether in a Sohxlet. The pollen was dried at 37° C. to remove the last traces 
of the ethyl ether. A 10 per cent suspension in distilled water was shaken at 
room temperature for eighteen hours. The pollen residue after filtration could 
be re-extracted with distilled water yielding additional skin-reactive material. 
To the original filtrate (885 ¢.¢., nitrogen = 1.1 mg./e.c., reducing sugar§ = 
6.1 mg./e.c.) was added a molar sodium acetate-acetie acid buffer, pH 4.0, until 
the mixture had a pH of 4.0-4.1 (160 ¢.c.); pH 4.0-4.1 is the approximate iso- 
electric point of the large protein molecule in pollen.2. Small amounts of pre- 
cipitate which usually appeared were filtered off. The filtrate was boiled for 
one hour in a water bath, cooled, and placed in the ice box for twenty-four hours. 
The precipitate was filtered off. 

Preliminary experiments* showed that this protein could be coagulated at 
60° C., but additional precipitate could be obtained between 60° C. and the 
boiling point of the solution. This precipitate contained approximately 90 per 
cent protein. It was insoluble in N/HC1, slightly soluble at pH 7.4, and soluble 
in N/NaOH. On addition of N/HCl to the alkaline solution, a precipitate 
appeared and the odor of H.S could be detected, indicating, probably, the split- 
ting of -S-S- linkages in the molecule. Approximately 20 per cent of the total 


nitrogen of the pollen extract was removed by boiling at the isoeleetrie point. 


*Krom the Departments) of Biological Chemistry and Medicine, and the Allergy 
Unit, University of Illinois College of Medicine. 


yAided by grants from The Field Foundation and the Asthmatic Children’s Aid. 


tWilcox Drug Co. and Greer Drug Co. The results vary depending on the pollen used. 
§After hydrolysis. 
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The filtrate (1,000 ¢.¢., nitrogen = 0.81 mg./e¢.ec., reducing sugar = 5.6 
mg./¢e.c.) was mixed with one- third volume of Al(OH), cream* (contains 0.4 
Gm. per cent Al,O,, pH 4.1) and allowed to stand for three hours. The mix- 
ture was centrifuged and the filtrate (1,100 ¢¢., nitrogen = 0.62 mg./c¢.c., re- 
ducing sugar = 4.0 me./¢.c.) was discarded. Most ot the skin-reactive prin- 
ciple was adsorbed on the colloidal Al(OH), cream leaving behind large amounts 
of carbohydrate, nitrogen and pigment. A 

The ‘AL(OH), cream was washed twice with 400 ce. portions of distilled 
water. The suspensions were allowed to stand for one-half hour before centri- 
fuging. The washings (pH range 4.1 to 4.5) were pigmented, gave a + Molisch 
and a — Biuret test, and showed little or no skin activity. It was necessary to 
wash the Al(OH), precipitate to remove non-skin-reactive materials and pig- 
ment. To the Al(OH); precipitate was added 250 ¢.c. pH 7.4 M/15 phosphate 
buffer. The mixture was well mixed and placed in the ice box for 24 hours, 
shaking at short intervals. The mixture was centrifuged and the filtrate (A) 
(250 ¢.¢., nitrogen = 0.021 mg./e.c., reducing sugar = 0.070 mg./e.c.), pH 7.0, 
was removed. More skin activity could be released from the Al(OH), with a 
second extraction of the buffer. (A-1) (200 ¢.¢., nitrogen = 0.021 meg./c.c., re- 
ducing sugar = 0.053 mg./e.c.). Solution A-1 was as skin reactive as solution A. 
These results indicate a slow release of the skin reactive principle from the 
Al(OH), cream with the pH 7.4 M/15 phosphate buffer. The solutions A and 
A-1 were water clear and practically colorless. All solutions were Seitzed, 
tested for skin activity in naturally ragweed sensitive human beings, and ana- 
lyzed. This method yields a fraction with high skin reactivity and free from 
most of the non-skin-reactive substances found in ragweed pollen extracts. These 
solutions were used for immunologie and clinical investigation.’ Qualitative 
tests on solution A are shown in Table I. The analytical results of a number of 
preparations are shown in Table IT. 


TABLE I. QUALITATIVE TESTS ON SOLUTIONS A AND AA 


| A | AA* 
Biuret 
Hopkins-Cole = - 
Millon 
Sakaguchi + + 
Molisch + + 
Seliwanoff - - 
Picrie acid ~ - 
Trichloracetie acid - - 
Phosphotungstie acid precipitate precipitate 
Tannie acid precipitate precipitate 
Ammonium sulfate (sat.) precipitate precipitate 
Ethyl aleohol precipitate precipitate 
Purine bases - 
Hexosamine (after hydrolysis) - - 
Naphthoresorcinol 
Ninhydrin (after hydrolysis) + + 
HeCt, 
TIC] - 
HNO, 
Protamine precipitate precipitate 


*1°% solution. 


These results indieate the presence of carbohydrate (9.3 per cent) and pro- 
tein (9.4 per cent) in the fractions prepared. The ratio of protein to carbo- 
hydrate varies, as shown in Table II. The protein concentration appears to be 
independent of the carbohydrate concentration. The total of protein and earbo- 
hydrate accounts for approximately 20 per cent of the total organie solids. 
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TABLE II. ANALYSIS OF FRACTION A 


ORGANIC SOLIDS 
NITRO- PRO- RATIO 
PREP- NITRO- CARBO- TOTAL GEN TEIN} CARBO- PROTEIN/ 
ARA- GEN* HYDRATEt | SOLIDS PER PER HYDRATE CARBO- 
TION MG./C.Cc. | MG./C.c. | MG./C.c. | MG./C.C. CENT CENT PER CENT | HYDRATE 
1 0.021 0.070 6.97 1.57 1.34 8.4 4.5 1.87 
2 0.025 0.145 7.25 1.43 ia 10.1 10.0 1.01 
3 0.022 0.132 7.15 1.55 1.42 8.9 8.5 1.05 
4 0.022 0.178 6.65 1.25 1.76 10.1 14.2 0.71 


*Modification of Koch-McMeekin method (direct nesslerization). 
+Modification of Folin-Malmros method*'—reducing sugar after hydrolysis by HCl cal- 
culated as glucose. 


tNitrogen X 6.25. 


Purification by Alcohol.—In another experiment, 200 Gm. of short rag- 
weed pollen was treated as above. The skin reactive substance, after adsorption 
on Al (OH),, was released three times with separate portions (200 c.c., 200 e.c., 
100 ¢.c.) of pH 7.4 M/15 phosphate buffer. (A, A-1, A-2) These solutions 
were centrifuged at 3,000 R.P.M. for fifteen minutes to remove all traces of 
Al(OH),. To each solution, cooled to 0° C., was added ten volumes of cold 
ethyl alcohol. The mixtures were placed in the ice box for forty-eight hours 
and centrifuged. Each of the precipitates was dissolved in 40 ¢.c. distilled 
water and the pH’s of these solutions were adjusted to 6.7-7.0. Any precipi- 
tate remaining was discarded. The preparations were lyophilized (AA, AA-1, 
AA-2). Qualitative tests on 1 per cent solutions of AA are shown in Table I. 
The analytical results are shown in Table ITI. 


TABLE III. ANALYSIS OF ALCOHOL FRACTION AA 


| ORGANIC SOLIDS 


NITRO- PRO- CARBOHYDRATE RATIO 
ASH* GEN TEINt FREE TOTAL PROTEIN / 
YIELD PER PER PER PER PER PER CARBO- 
| MG. | CENT CENT CENT CENT CENT CENT HYDRATE 
AA 620 82.51 17.69 8.6 aae 4.6 56.5 0.95 
AA-1 605 86.03 13.97 6.6 41.3 3.6 41.5 0.99 
AA-2 530 75.45 24.55 5.0 31.8 1.04 


*Primarily phosphate 
TNitrogen X 6.25 


Fractions AA, AA-1 and AA-2 were found to be very skin reactive by 
scratch test, AA producing the largest wheals. The precipitation by alcohol 
at 0° C. did not destroy the skin activity. It is difficult to determine if the 
precipitate of salt carried down the activity or the compound was itself pre- 
cipitated by the alcohol. The total of carhohydrate and protein in fraction 
AA accounts for all of the organie matter. The ratio of the carbohydrate to 
protein is approximately one, the same as that obtained for A. The alcohol 
precipitated 40 per cent of the total nitrogen of A and removed 80 per cent 
of the organic solids not accounted for. 

Amino-Acid Analysis.*—Amino-acid analvsis using the microbiological 
methods” § was carried out on a mixture of AA, AA-1 and AA-2. A total of 
730 mg. containing 8 mg. nitrogen or 50 mg. protein (AA = 170 mg., AA-1 = 
480 me., AA-2 = 80 mg.) was dissolved in 6 ¢.c. 10 per cent HCl. The mixture 
was placed in a sealed tube and heated for eleven hours at 15 to 17 pounds 
pressure. It was adjusted to pH 6.8, diluted to 50 ¢.c., and filtered. The micro- 


*Analyses carried out by S. W. Hier and J. D. Solomon. 


38 THE JOURNAL OF ALLERGY 


biological amino-acid analysis was carried out on this solution (nitrogen = 
0.09 meg./e.ec., reducing sugar — 0.14. me./e.c.). The humin analyzed for 0.69 
meg. nitrogen. The results of this experiment are shown in Table 1V. Fourteen 
amino acids were quantitatively determined in fraction AA. They accounted 
for only 29.4 per cent of the total nitrogen. The factor 6.25 used to calculate 
protein may be inaccurate due to the high concentration of basic amino acids 
found. These results show that a protein is present in the heat-stable fraction. 
The solutions of A and AA were too dilute and contained too high a conecen- 
tration of carbohydrate to give the ordinary qualitative tests for protein. 


TABLE IV. THE AMINO ACID CONTENT OF FRACTION AA 


| CONCENTRATION NITROGEN * PER CENT OF 
AMINO ACID | y/C.c. y/C.c. TOTAL NITROGEN 

Arginine 10.2 3.30 
Cystine 49 0.92 1.0 
Glutamie acid 8.0 0.76 0.8 
Histidine 10.6 2.86 oe 
Isoleucine 12.5 1.34 LS 
Leueine 13.4 1.43 1.6 
Lysine 40.1 7.69 8.5 
Methionine D5 0.52 0.6 
Phenylalanine 8.7 0.74 0.8 
Proline 23.6 2.88 3.2 
Threonine 14.4 1.69 1.9 
Tryptophanet 1s 0.18 0.8 
Tyrosine 5.9 0.46 0.5 
Valine 9.9 1.19 

Total 29.4 


*Concentration multiplied by per cent nitrogen in amino acid. 
+Alkaline hydrolysis with sodium hydroxide, solution contains 0.022 mg. nitrogen per c.c. 


Carbohydrate—Qualitative tests on A and AA, as shown in Table I, proves 
the presence of carbohydrate in these fractions. The Tollens orcinol reaction 
gave a yellow ereen, indicating the probable presence of pentose. The di- 
phenylamine reaction of Disehe® on AA shows no desoxy-ribose. The diphenyl- 
amine reagent I'’ gave a violet-blue color. Blue indicates hexose, violet-red 
hexuronie acid, and brown pentose. The B-naphthol test'® for distinguishing 
between pentoses and hexuronie acid gave reactions for both. By using the 
Dische carbazole reaction for hexuronie acid,'! qualitatively, it was possible to 
obtain a positive reaction. This was the only reagent which gave a definite 
reaction for hexuronie acid in the presence of pentoses and hexoses. The 
flavanol pigment identified both visually and speetrophotometrically may ae- 
count for the glucose present. 

Quantitative analyses for reducing sugar after hydrolysis calculated as 
glucose are shown in Tables If and IIT. The results on AA showed small 
amounts of reducing sugar before hydrolysis. The carbohydrate is probably a 
polysaccharide. The application of the Dische earbazole reaction for hexoses 
and pentoses'® '* to an analysis of the carbohydrate was carried out. The ratios 
shown in Table V indicated either glucose if hexose was present, or arabinose, 
lyxose, or ribose if pentose was present. Unfortunately, no values were given 
for hexuronie acid. There appears to be a contaminant in A which changes the 
ratios obtained for AA. Quantitative pentose determinations’ (Table V) show 
that the major portion of the reducing sugar may be pentose. Hexuronie acid 
may interfere in this analysis. 

Our results illustrate the difficulty encountered in trying to identify the 
carbohydrate constituents in the fractions. They prove the presence of hexose, 
pentose, and hexuronie acid. The exact quantitative relationship between the 
three is not well established. 
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TABLE V. CARBOHYDRATE ANALYSIS OF FRACTIONS A AND AA 


CARBOHYDRATE CARBAZOLE PENTOSE} 
PREPARATION PER CENT* RATIOt PER CENT* 
A-2 10.0 1.61 9.5 
A-3 8.5 P 1.60 8.6 
A-4 14.2 1.62 13.6 
AA 56.5 pte. 46.9 
AA-1 41.5 2.66 32 
AA-2 31.8 2.39 - 21.1 
mg./¢.e. 
Glucose 0.1 2.65 
Galactose O.1 
Glucose and fructose 0.1 2.36 
Maltose 0.1 2.86 
Lactose 0.1 1.73 
Arabinose 0.1 2.17 
Lyxose 0.1 2.41 
Ribose 0.1 
Xylose 0.1 6.30 
Rhamnose 0.1 a7 


*Per cent organic solids. 
E 520, 
& 420 the ratios on the sugars are taken from the original papers. 


tCalculated as xylose. 


It was important to determine the role of the carbohydrate in relation to 
the skin activity of the fraction. Hydrolysis of the polysaccharide by enzymes 
was carried out. Solutions of salivary amylase, taka-diastase, and pancreatin 
were each added to solutions of AA. No inerease in reducing sugar could be 
shown after three hours at 37° C. Pectinol (Rohm and Haas No. 46 A.P.), a 
pectinase, seemed to show some hydrolytie activity, but no conclusive results 
could be obtained. As taka-diastase contains arabinase, perhaps no arabinose is 
present. These enzymatic experiments are inconclusive, and further search of 
hydrolytic enzymes seems to be necessary. The polysaccharide must be very 
resistant, and might be bound firmly to the protein. 

Proving the identity of the active compound appears to be a difficult task. 
There is the possibility that the carbohydrate is firmly bound to the protein, 
and is therefore part of the active principle. It can neither be a mucopoly- 
saccharide nor a mucoprotein according to the classification of Stacey. The 
evidence for this is fraction AA which contains approximately 50 per cent pro- 
tein and 50 per cent carbohydrate. The carbohydrate contains hexuronie acid 
but no hexosamine. Electrophoretic analysis may separate the two components. 


Spectrophotometric analysis—The ultraviolet absorption spectra of frac- 
tions A and AA were determined using the Beckman Spectrophotometer. The 
results of these experiments are given in Fig. 1. The curves obtained for A 
and AA are probably due to the presence of a flavanol pigment, quercetin, and 
protein. The concentration of pigment in AA is low. Rutin, a plant pigment, 
which is a rhamno-glucoside of quercetin, gives the same maximum, 260 mu, 
and minimum, 238 mu, as the flavanol pigment isolated from ragweed pollen*® 
(Fig. 1). Our most active fraction AA contained very little pigment. 

Assay of Skin Activity—The method of assay was carried out using the 
intradermal and scratch technique on forty proved ragweed sensitive human be- 
ings with a whole ragweed pollen extract of equivalent nitrogen concentration 
as a control. The fractions are more skin reactive by intradermal testing than 
whole pollen extracts of the same nitrogen concentration on the basis of size 
of wheals and surrounding erythema produced. 

In our laboratory, Dr. E. Becker separately tested fractions A and AA, 
intradermally, on nine ragweed sensitive human beings, using an assay tech- 
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nique for skin activity based on methods found valid in assaying toxins, anti- 
toxins and other biologically active preparations."* 


He found them to be over 
fifty times as active as a whole ragweed pollen extract of the same nitrogen con- 
centration. 


DISCUSSION 

The preparation of a highly skin reactive fraction from short ragweed 
pollen has been deseribed. This fraction, which is heat stable at pH 4.0-4.1, can 
be adsorbed from heated pollen extracts by a colloidal Al(OH), and released 
slowly from this adsorbent by a pf 7.4 M/15 phosphate buffer. The use of 


this method in the isolation of the fraction is valuable because of the removal 
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Fig. 1.—Ultraviolet Absorption Spectra of Fractions A, AA, Flavanol Pigment and Rutin. 


of large amounts of nonreactive carbohydrate, nitrogen, and pigment. 
method separated ragweed pollen into two fractions. 


This 
The heat-labile fraction 
is protein, of high molecular weight and non-dialyzable. It is responsible for 
producing anaphylactic shock in guinea pigs sensitized to whole ragweed and 
reacts with a ragweed pollen antiserum.® 1% 1° This fraction constitutes only a 
small amount (20 per cent) of the total nitrogen in the pollen extract. The 


heat-stable skin reactive fraction contains protein and carbohydrate and is 
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dialyzable. It does not produce anaphylactic shock in guinea pigs sensitized 
to whole ragweed and does not react with a precipitin antisera to whole rag- 
weed.” 18 

Our analytical results indicate the presence of fourteen amino acids, hexose, 
pentose, and hexuronic¢ acid in the heat-stable fraction. It is difficult to prove 
either a compound of carbohydrate and protein or a mixture of the two. Both 
enzymatie hydrolysis of carbohydrate and protein have given inconelusive re- 
sults.’ 2°) The pigment is not skin reactive. 

The active carbohydrates of Black,?! which analyzed for 6 per cent nitrogen 
and 55 per cent reducing sugar on hydrolysis, and Caulfeild, Brown, and 
Waters,?? which contained 1.5 per cent nitrogen and 58 per cent reducing sugar 
on hydrolysis, probably are protein and carbohydrate mixtures similar to those 
obtained by our methods. Recently, it has been reported by Cooke?* that Stull, 
Sherman, and Hampton's fraction 11,24 containing 2 per cent nitrogen and ear- 
bohydrate, can be prepared by heating the pollen extract at pil 4.0 to remove 
fraction I, and then precipitating fraction IT with (NH,)SO,. Fraction IT is 
probably similar to our fraction A. Baldwin’s fraction S** prepared by alcohol 
precipitation methods gives similar data. The results of the investigations on 
active carbohydrates, fraction II of Stull, fraction S of Baldwin, and those 
prepared in this investigation indicate a heat-stable protein-carbohydrate frae- 
tion having the ability to produce a skin reaction in ragweed sensitive human 
beings. 

SUMMARY 

1. The preparation of a heat-stable, skin reactive substance from a water 
extract of short ragweed pollen is described. The method utilizes the following 
principles: (a) heating at pH 4.0-4.1, (b) adsorption on Al(OH), cream, (¢) 
release by a pH 7.4 M/15 phosphate buffer, and (d) precipitation by aleohol at 
0° C. 

2. The substance contains a protein component. Fourteen amino acids 
were quantitatively determined in fraction AA. 

3. The substance contains a carbohydrate component. It is a polysaccharide 
containing hexose, pentose, hexuronie acid, but no hexosamine. 

4. Spectrophotometrie analysis in the ultraviolet shows the presence of 
small amounts of a flavanol pigment. 

5. This substance is more skin reactive than whole ragweed pollen solu- 
tions of the same nitrogen concentration. 

6. The skin-reactive principle is a protein-earbohydrate complex. 
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STATISTICAL STUDIES IN ALLERGY 
Il. A Facrortan ANALYsIs* 
T. GayLtorp ANpbREwS, PH.D., Curcaco, 


N TIE first paper in this series the author presented the results of a correlation 
analysis of 36 antigen reactions among 291 patients... The computation of 
the 630 correlation coefficients was a preliminary step toward a factorial analysis 
of the data. Some rather interesting features of dependency and interrela- 
tions were discovered at the correlation stage, and the interpretation of these 
results was published as an introduction to the present series. At the begin- 
ning of this work on statistical analysis of allergie reactions, it was our wish 
to determine whether or not patients’ allergic sensitivities would group them- 
selves into related clusters, or ‘‘families.’? The uses to which we might put 
such knowledge should not only inerease the efficiency of diagnosis and treat- 
ment, but also aid us in the development of a rational description of etiology. 
There are several ways in which the hypothesis of reaction families may 
be tested. Beeause we wish to express our data in the most objective and 
parsimonious fashion possible in determining the number and type of signifi- 
cant dimensions, we have used the method of multiple factor analysis devised 
by L. L. Thurstone.*:* This technique for resolving a set of relationships into 
a smaller set of groups was developed for the solution of psychological prob- 
lems. The present study, however, demonstrates that factor analysis is a 
scientific method of considerably wider application. Thurstone’s method is a 
technical system involving advanced mathematics, and it is beyond the scope 
of the present paper to explain the procedures and their mathematical rationale. 
An easily understandable demonstration of the method ean be presented, 
hy way of introduction, in the description of factorial techniques applied to 
a simple physical problem which we shall borrow trom the writings of Thurs- 
tone. This example illustrates the manner in which an underlying physical 
order in the variables can be discovered factorially. Imagine a collection of 
20 boxes which vary in size. When the length, width, and height of each box 
is measured, several other measures are easily determined: squares of the 
edges (x*, y®, z?), areas of the front, top and sides (xy, xz, yz), diagonals of 
the three faces (\/x? + y’, ete.), the perimeters of the three sides (2x + 2y, ete.), 
logarithms of the three first-order measures (log x, ete.), volume (xyz), prin- 
cipal diagonal of each box (\/x? + y? + z?), exponent values for each side 
(e*, eY, e?). Thus we obtain 20 measures on each box, which measures are 
mathematically derived from length, width, and height. 
The coefficients of correlation are computed between all the measures, 
which step results in a 20 by 20 table of correlations comparable to the 36 by 


*From the University of Chicago. 
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TABLE I, Roratrep Factor MATRIX 


NO. A B c D E F G H J K 
Dust (full strength) 20 20 -10 48 .29 -.08 .23 -.06 28 -.13 
2. Timothy 15 42 23 -05 00 385 86.11 -07 .20 -.02 
3. Rabbit epithelium 0 -.08 —11 -.04 85 -07 -.05 
4, Feathers -02 -07 -.02 .67 .12 -.05 .10 -.08 
5. Orris 12 21 #29 412 08 23 OF 28 -01 
6. Cottonseed OF 05 22 -d3 -.01 .18 -.14 .28 -.05 
7. Dog epithelium 14 323 05 382 04 51 -02 .06 
8. Ragweed -07 68 04 -—05 -08 42 -.05 04 -.10 
9. Horse epithelium o2 11 05 
11. Le Page glue 68 04 -05 01 -07 .06 O04 —.04 
12, Flaxseed 30 86.15) 06: 
13. Cat epithelium -15 40 04 29 45 44 50 
14. Alternaria 26 -06 -.09 45 26 1 -—02 
16. Pyrethrum 34 30 -01 05 -02 26 -12 06 10 8 
17. Aspergillus 565 25 -07 00 05 29 385 -02  .21 
18. Kapok 6 40 B87 -09 -02 -07 07 -.10  .15 
19. Egg white 28 .12 24 11 20 28 47 «8.09 
20. Milk (casein and whey) 18 .08 .19 -08 42 .03 .21 04 19 .03 
21, Wheat 21 26 .18 = 12D 
22. Beef 29 -03 25 08 24 -07 56 33 01 -.02 
23. Chicken 07 -.03 -01 -.09 .26 41 .27 40 «11 
24. Pork 22 -04 -09 01 -03 31 32 .09 
25. Fish 10 -11 .16 285 -—04 .25 382 46 -.04 -.01 
26. Shellfish -02 07 07 -10 .11 -.02 .29 -.05 -.02 
27. Tomato 05 -06 -.01 -.04 -03 -.04 -.05 
28. Lima beans -02 52 .12 -.038 .06 
29. Orange -07 -07 44 -01 .17 45 01 -07 -02 -.02 
30. Mustard 22 -14 84 .15 00 2326 47 «03 05 86.22 
31. White potato -10 -04 .20 .22 46 .08 .27 .35 
32. Rice .20 -.02 .3 22 41 -05 -06 45 45 
33. Green pea -09 02 Ol 14 62 -.09 -05 40 -.04 
34. Banana —09 69 -.06 —04 -.08 382 -.04 -.04 -.01 
35. Chocolate 26 -.10 .02 -.02 -.08 .05 .10 -.02 .62  .19 
36. Peanut -04 09 358 10 -05 -.01 22 17 .38 -.06 


36 table presented in the first article of the present series. It is to such a 
table that factorial techniques are applied.* When the actual correlations of 
the box study were factored it was found that only three factors resulted. 
That is, only three fundamental dimensions were necessary to describe all the 
20 measures. When the configuration of the three dimensions was rotated 
according to a simple mathematical transformation, the nature of these three 
dimensions was easily seen as length, width, and height. 

The objection may be raised that such factoring methods may well apply 
to the physical domain of the dimensionality of boxes but not to the problem 
of sensitivity measurement among allergies. We may, however, rule out this 
objection by indicating that factor analysis has proved extremely fruitful in 
analyzing psychological domains of intelligence and personality which are 
much less amenable to real measurement.*® 

The large table of intercorrelations from the first paper in this series was 
factored by Thurstone and his assistants in the Psychometric Laboratory of 
the University of Chicago. The resulting matrix of ten factors was rotated 
by geometric transformations in order to maximize the number of zero or 


“ *Factorial methods have been applied directly to the original measures without correlating 
nem. 
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insignificant entries per factor. Such rotation is necessary before real scien- 
tific meaningfulness may be attributed to the factors. The rotated factor 
matrix is presented in Table I, and these results indicate that there are 10 
separable factors or parameters that represent the real order underlying all 
the measured actions of the 36 antigens. Thus, a considerable step has been 
taken in the direction of scientific parsimony here. Our major hypothesis 
tested positively, e.g., the antigens do fall into separable clusters or families. 

Attempting to determine the nature of these factors becomes the next part 
of the investigation. The value of a factor matrix as such is not nearly so 
creat as the interpretation of the meaning of the factors which it may allow. 
In other words, the factors are real, but what do they mean? The first steps 


TABLE II. SumMMARY TABLE OF MAJOR SATURATIONS FoR EACH PRIMARY Factor 


A B 
11. Le Page glue .68 8. Ragweed 8 
9. Horse epithelium 17. Aspergillus 
10. Raw silk AT 2. Timothy 42 
14. Alternaria 36 13. Cat epithelium 40 
16. Pyrethrum 34 18. Kapok 40 
12. Flaxseed 30 7. Dog epithelium a 
16. Pyrethrum 
D 
34. Banana .69 4. Feathers 67 
36. Peanut 3 26. Shellfish 63 
29. Orange 44 1. Dust 48 
28. Lima bean .39 25. Fish m5) 
18. Kapok 32. Rice 
30. Mustard 34 10. Raw silk 34 
E F 
27. Tomato .60 27. Tomato .68 
15. Horse serum 48 383. Green pea 62 
31. White potato 46 28. Lima bean OZ 
3. Cat epithelium 45 14. Alternaria 45 
20. Milk (casein and whey) 42 29. Orange 45 
7. Dog epithelium 32 8. Ragweed 42 
32. Rice 32 23. Chicken 41 
12. Flaxseed 32. Rice 41 
24. Pork 30 30. Mustard .36 
2. Timothy 
3. Rabbit epithelium 25 
21. Wheat 33 
G H 
22. Beef 6 13. Cat epithelium 50 
7. Dog epithelium ol 25. Fish 46 
9. Horse epithelium 50 5. Rabbit epithelium 37 
19. Egg white AT 17. Aspergillus 39 
30. Mustard 47 22. Beef 5 5 
13. Cat epithelium 44 24. Pork 31 
14. Alternaria 36 7. Dog epithelium 30 
25. Fish 
34. Banana .o2 
J K 
35. Chocolate 62 32. Rice 43 
32. Rice 45 9. Horse epithelium 39 
23. Chicken 40 19. Egg white 
33. Green pea 40 15. Horse serum 
36, Peanut 38 31, White potato 
24. Pork 32 14. Alternaria 34 


21. Wheat 16. Pyrethrum .30 


46 THE JOURNAL OF ALLERGY 


in the attachment of meaning to a set of factor loadings is essentially sub- 
jective. The procedure is to observe the measures that have the highest load- 
ings (above .30) on each factor. We then attempt to discover the common 
feature or features among the group of high loadings for each factor sepa- 
rately. As an aid in this procedure Table II has been prepared as a summary 
of the high loadings for each factor. 

The question now becomes, for factor “A as an example, what common 
chemical structures or physiologic reactions are involved in glue, horse epi- 
thelium, raw silk, alternaria, pyrethrum, and flaxseed that are not involved 
in most of the other antigens studied here? At the present stage of knowl- 
edge of physiologic chemistry such a question cannot be answered directly 
because of the very complex chemical nature of these substances. This situa- 
tion was anticipated to some extent before the present investigation was begun. 

We must deal with as many alternative hypotheses about the data as may 
seem fruitful, and these data in summary form are presented with the hope 
that clinicians, physiologists, and biochemists will be able to find some rela- 
tionships here that are familiar. If that can be done in the ease of any of the 
allergy factors discovered we shall all profit by the results and will be able to 
design additional analytie and clinical studies to test these hypotheses. 

It is obvious that the antigen reactions do not group themselves according 
to any simple scheme of basic and common proteins that are immediately 
analyzable. Factor A may involve some common organie tissue secretions ; 
factor B may be based mainly on grains or pods. Also it is to be noted that 
pod materials seem to run through faetor C. Factor D may represent surface 
epithelial material of high calcium content; Factor G@ may involve albuminous 
content. All sueh hypotheses must be subjected to analytic investigations. 

Another hypothesis that may account for the underlying order among the 
factors reported here is to the effect that the antigen reactions cluster accord- 
ing to the different clinically observed allergic complaints. This latter hy- 
pothesis is now being tested statistically and will be reported as the third 
paper in the present series. 


The author wishes to express his gratitude to Professor L. L. Thurstone for his co- 
operation in making this study possible. 
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AEROSOL THERAPY *t 
GILES A. KoELSCHE, M.D., ROCHESTER, MINN. 


HE introduction into the respiratory organs, by inhalation, of mists pro- 

duced by nebulizing medicated solutions is known as aerosol therapy. The 
value of this type of therapy in diseases of the respiratory tract has come to 
be appreciated chiefly in the past three years. I shall consider those diseases 
which have proved amenable to this type of therapy and the medicated aerosols 
which have been beneficial in each disease. 

To insure therapeutic effectiveness by inhalation, the particles of the medi- 
cated aerosol must be extremely minute. A range of size favorable for thera- 
peutic use is 0.24 to 1.18 microns. Aqueous solutions, when nebulized, vaporize 
quickly. If the medication is placed in a 50 per cent solution of glycerin, the 
permanence of the mist produced by nebulization is enhanced. Solutions of 
glycerin are nontoxie and nonirritating to the respiratory mucosa.! 

The simplest type of apparatus for the production of aerosols from medi- 
cated solutions and that with which I have had the most experience is the 
Vaponefrin vaporizer.t The stream of air necessary to effect nebulization of 
the medicated solution is obtained from an oxygen tank. The tubing from the 
oxygen tank is connected to the base of a Y tube. Tubing from one arm of the 
Y is connected with the nebulizer. Tubing of similar length is connected to 
the other arm of the Y; the distal end of this tubing is left open. Four to six 
liters of oxygen per minute are allowed to flow through this apparatus. By 
covering the end of the open tube with his thumb the patient can produce a 
medieated aerosol at will. 

Prigal? described a combined steam generator and aerosolizer which would 
seem to have much practical value. It does away with the necessity of an oxygen 
tank, and ean be used easily in the patient’s home. The machine will produce 
aerosols of various medications, and the aerosol produced is warm and moist. 

Barach has devised an apparatus*® for the introduction of penicillin aerosol 
into the accessory nasal sinuses. He conceived the idea of developing momen- 
tarily negative pressure in the nasal passages, thereby evacuating air from the 
sinuses and immediately replacing this with air containing penicillin in high 
concentration. For further details concerning this apparatus and that which 
he devised for the oral administration of aerosols, one may consult his original 
article. 


*From the Division of Medicine, Mayo Clinic, Rochester, Minn. 

+Presented as part of the Orientation Course in Clinical Allergy offered by The American 
Academy of Allergy, Omaha, Neb., May 19 to 23, 1947. 

tThis nebulizer may be obtained from the Vaponefrin Company, 328 South Jefferson Street, 
Chicago 6, Ill. 
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Diseases in which medicated aerosols have been used with benefit include 
bronchial asthma, sinusitis, bronchiectasis, bronchopneumonia, pulmonary ab- 
scess, acute laryngotracheobronchitis associated with edema, and severe pul- 
monary emphysema, 

BRONCHIAL ASTHMA 


A medicated aerosol first was used in bronchial asthma. Epinephrine was 
the first drug administered in this manner. Heubner,* in 1919, and Lageder,’ 
in 1933, noted that asthmatic patients who inhaled nebulized aqueous solutions 
of a 1:1,000 solution of epinephrine hydrochloride obtained symptomatie relief. 
In 1935, Graeser and Rowe® conceived the idea of using a strong solution of 
epinephrine hydrochloride by inhalation to relieve an attack of asthma. They 
also devised an all-glass nebulizer capable of delivering a mist of finely divided 
particles. 

As a means of affording the patient symptomatic relief, it is generally 
agreed that a 1:100 solution of epinephrine hydrochloride administered in this 
manner is most effective. By bringing this medicated aerosol into contact with 
the respiratory mucosa, quick absorption and prompt relief are insured in many 
instanees. By having such an apparatus at his disposal, the patient is freed 
of the mental hazard occasioned by a delay in receiving an injection of epi- 
nephrine after an attack has started. 

Administration of large doses of epinephrine by this method may produce 
untoward effects such as dryness of the pharyngeal mucosa, tachyeardia, tremors, 
and nausea. In order to prevent the occurrence of these effects, Hartman‘ 
recommended the use of a 2 per cent solution of ethyl-nor-epinephrine [1-(3,4- 
dihydroxypheny]) -2-amino-1-butanol] instead of a 1 per cent solution of epi- 
nephrine hydrochloride. He expressed the opinion that this preparation does 
not produce the untoward effects just mentioned, and that it is just as effective 
as epinephrine in cases of uncomplicated intrinsic asthma, but that epinephrine 
is definitely more effective than this preparation in cases in which the asthma 
is complicated by bronchial infection. 

Richards, Barach, and Cromwell,® in 1940, reported that aerosol of a 1 per 
cent solution of neosynephrin hydrochloride produced favorable bronchial dila- 
tation in cases of severe asthma. By employing the apparatus described earlier 
in this paper, either a 1 per cent solution of neosynephrin hydrochloride or a 
1 per cent solution of epinephrine hydrochloride can be administered continu- 
ously. The unpleasant local effects on the pharyngeal mucosa which may be 
noticed after continuous therapy may be avoided if the medicament is placed 
in a 50 per cent solution of glycerin before nebulization is started. At the 
clinie, we have used a 0.25 per cent solution of neosynephrin hydrochloride in 
combination with penicillin for as long as two weeks without any evidence of 
unpleasant side-effects. Whether or not we were able to obtain the bronehial 
dilatation desired, I believe is equivocal. Barach® has stated that aerosol of 
neosynephrin hydrochloride is of value chiefly in cases in which the predominat- 
ing disease is emphysema rather than bronchial asthma. He advises the patients 
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to nebulize 1 ¢.c. of a 1 per cent solution of neosynephrin hydrochloride three 
to four times daily. 

Because of its bronchodilating effect, aminophylline also is of great value 
in the relief of asthma. Prigal reported the administration of aerosol of amino- 
phylline'’ to forty patients who had bronchial asthma. Ten to 20 ¢.¢. of a 
solution containing 0.25 to 0.5 Gm. of aminophylline was nebulized and inhaled 
continuously. Kighty per cent of the patients obtained some symptomatie relief, 
which was marked and of long duration in some cases, but slight and temporary 
in others. After this treatment, an increase of from 7.4 to 56.9 per cent in the 
vital capacity was observed in nine eases. None of the symptoms commonly 
noted after the intravenous administration of aminophylline, such as nausea, 
vomiting and syncope, was observed after the administration of aminophylline 
aerosol. 

In an effort to liquefy the tenacious sputum seen many times in bronchial 
asthma, and to facilitate its expectoration, Prigal has suggested the use of an 
ammonium chloride aerosol alone or in combination with aminophylline aerosol." 
Theoretically, by bringing about bronchodilatation, aminophylline should aug- 
ment the action of ammonium chloride. Prigal employed 10 ¢.c. of a 5 per cent 
solution of ammonium chloride for this purpose. This type of treatment can 
be given for a few days in preparation for the institution of treatment with 
penicillin aerosol. 

It is logical that bactericidal agents should be given a trial in eases in 
which asthma may be due to bacterial infection, that is, in cases of so-called 
intrinsic asthma. Theoretically, intimate contact of the sulfonamide drugs with 
the infected respiratory mucosa, which can be achieved by aerosol therapy, 
should be desirable. Our experience with aerosols of the sulfonamide drugs is 
limited, but the oral administration of these drugs in eases of chronie asthmatic 
bronchitis has not been followed by noticeable improvement unless the patients 
were suffering from an exacerbation of the asthma after an acute respiratory 
infection. 

Applebaum” administered an aerosol of sodium sulfathiazole in twelve cases 
of intrinsie bronchial asthma. Two cubie centimeters of a 5 per cent solution 
were nebulized three times daily for ten days. Response to this therapy was 
judged on the basis of reduction in the severity and frequency of the paroxysms 
of coughing, diminution in the amount and change in the character of the 
sputum, subsidence of objective signs such as rales and wheezes, and general 
systemie improvement. He reported moderate to marked improvement in ten 
of the twelve cases. He also employed the same type of treatment in four cases 
of extrinsic bronchial asthma. Improvement was observed in only one of these 
cases; in this ease, the improvement was said to be slight. 

When penicillin became generaliy available for civilian practice, it was 
natural that it should be given a therapeutic trial in eases of asthmatie bron- 
ehitis. In the last three years, a number of reports of its use in this disease 
have appeared in the literature. The study reported by Bryson, Sansome, and 
Laskin, in 1944, prepared the way for a trial of penicillin aerosols in a variety 
of respiratory diseases. They showed that penicillin was not altered chemically, 
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and that its bacteriostatic activity was, not decreased by nebulization. They 
also found that penicillin aerosols penetrate into the lungs, are absorbed by the 
blood stream, and ean be recovered in the urine. These facts were demonstrated 
on human beings and on laboratory animals. In eases in which patients used 
a Vaponefrin vaporizer intelligently to administer penicillin aerosol, it was 
possible to recover 60 per cent of the penicillin from the urine within twelve 
hours. This amount is practically the same as that which can be recovered 
after penicillin has been administered intravenously. 

Investigators agree that administration of penicillin aerosol will produce a 
high concentration of penicillin at the site of infection in the bronchial walls 
and pulmonary parenchyma in cases of intrinsic bronchial asthma. In such 
cases, determinations of the concentration of penicillin in the blood and of the 
amount that is eliminated in the urine are of little value.“*'° Although such 
determinations furnish some indication of the amount of penicillin that is 
absorbed, they are not an indication of its effectiveness as a topical application. 
For administration, 30,000 to 50,000 units of the sodium or calcium salt of 
penicillin are dissolved in each cubie centimeter of physiologic solution of sodium 
chloride. Four to 5 ¢.e. of the resulting solution are administered daily with a 
nebulizer. The treatment may be continued for variable periods; seven to 
twenty-one days seem to be a reasonable trial period in the average case of 
intrinsie bronehial asthma. Unpleasant side-effects are infrequent and are 
chiefly urticarial when they do appear. Administration of penicillin aerosol 
is preferable to the intramuscular administration of penicillin for the following 
reasons: (1) penicillin aerosol ean be administered easily; (2) this type of 
administration is adaptable for use in the patient’s home or in the physician’s 
office; (3) it is relatively cheap, and (4) it is effective both locally and sys- 
temiecally.’® 

Barach’® reported that either marked or significant moderate improvement 
occurred in one-third of forty patients with asthma, to whom penicillin aerosol 
was administered. In about one-half the cases in which the patients were 
benefited, the improvement continued for two months or longer. The best results 
were noted in those cases in which exacerbations of asthma occurred after an 
acute infection due to pneumococci or hemolytie streptococci. Chronic intrinsic 
bronchial asthma was present in most of the cases in which the results were 
poor. He eoncluded that, although the results of antibiotic therapy with peni- 
cillin aerosol in some eases of asthma are frequently disappointing, sufficient 
therapeutie value appears to have been demonstrated to justify a further trial 
of the method. 

Vermilye™ obtained successful results with penicillin aerosol in twenty-five 
eases of intrinsic bronchial asthma. In some cases, an apparent cure was 
obtained in five days. Both he and Barach® recommended continuing the 
administration of penicillin aerosol in single daily or weekly doses for a number 
of weeks after the initial improvement had occurred. 

Prigal and his associates" reported the results of treatment with penicillin 
aerosol in forty-nine eases of intrinsic bronchial asthma. They expressed the 
opinion that this type of therapy is of value only in those eases in which there 
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is definite evidence of infection of the respiratory tract. In their report, the 
cases were divided into four groups according to the severity of the asthma. 
Group 1 ineluded eases in which the attacks of asthma were mild and oceurred 
only in association with colds; Group 2 included eases in which the attacks 
were moderately severe, usually occurred daily and responded immediately to 
oral or rectal medication; Group 3 included cases in which the attacks were 
sufficiently severe to require parenteral administration of epinephrine or amino- 
phylline, and Group 4 ineluded eases of status asthmatieus. Recovery occurred 
in all of the cases in Group 1. Immediate improvement occurred in 80.9 per 
cent of the cases in Group 2 but relapses occurred in some of the cases. The 
results were satisfactory in 40 per cent of the cases in Group 3. Temporary 
improvement occurred in 88.8 per cent of the cases in Group 4. In all of the 
eases in this group, aerosols of aminophylline and ammonium chloride were 
administered to produce bronchiolar relaxation and liquefaction of the mucous 
plugs before penicillin aerosol was administered. 

In cases of somewhat disabling chronic pulmonary disease, such as intrinsic 
bronchial asthma or bronchiectasis, acute exacerbations are likely to occur with 
respiratory infections. Prigal and his associates'! administered penicillin aerosol 
for three consecutive days following the first sign of a cold in twelve cases of 
this type. Neither exacerbations of the chronic disease nor complications 
developed in any. These investigators expressed the opinion that penicillin 
aerosol is of definite value in preventing serious trouble in sueh eases. 

In contrast to these rather optimistic reports are those of other investi- 
gators. Engelsher™ treated seventy-four patients suffering from intractable 
intrinsic bronchial asthma by administering penicillin aerosol daily in adequate 
doses tor periods of two to four weeks. He estimated that 15 per cent of the 
patients who continued the treatment for four weeks noted slight improvement. 
He considered the results as strikingly disappointing and almost at complete 
variance with those of Vermilye. 

Segal'® treated twenty-two patients with intrinsic bronchial asthma with 
penicillin aerosol for periods ranging from three days to three weeks. Micro- 
organisms that were susceptible to penicillin disappeared promptly from the 
sputum but the results were generally disappointing from a clinical standpoint. 
Most of his patients thought that they could raise sputum more easily while 
they were taking the aerosol. He observed that the incidence of urticarial 
reactions from penicillin is somewhat greater in cases of asthma than it is in 
cases of other diseases. It might be added parenthetically that Engelsher," 
and Miller’? have each independently used penicillin intramuscularly 
with equally disappointing results. 

Olsen and I have administered penicillin aerosol in a number of eases of 
chronie intrinsic bronchial asthma. The daily volume of sputum was reduced 
in some instances and some patients stated that they could raise sputum with 
less effort. The degree of clinical improvement noted in some eases was not 
consistently greater than that which usually follows symptomatic treatment in 
the hospital with iodides, inhalations of oxygen and helium and the adminis- 
tration of aminophylline and hed rest. We feel that penicillin aerosol is worthy 
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of further trial, especially in cases in which there is evidence that the asthma 
is severe because of the recent occurrence of an acute respiratory infection. 


SINUSITIS 


Sinusitis is another disease that has been reported to have been treated 
successfully with penicillin aerosol. Vermilye'’ obtained a satisfactory clinical 
response in forty cases. He pointed out the importance of using a vasocon- 
stricting nasal spray just before starting the administration of penicillin aerosol. 

Barach® obtained favorable results in cases of acute or chronic sinusitis in 
which penicillin aerosol was administered with his negative pressure apparatus. 
Marked improvement was noted in some instances after one to three weeks of 
treatment. In cases in which bronchial asthma also was present, he observed 
that this type of treatment of sinusitis'® has been followed by most conspicuous 
and unquestionable improvement of the bronchial spasm. In his opinion, the 
causal relationship between infection of the sinuses and persistent bronchial 
spasm has been clarified more by the administration of penicillin aerosol by 
negative pressure than it has by the use of operative measures to promote 
drainage from the sinuses. 

Segal and his associates have also obtained favorable results with this type 
of treatment.2° After they had used a 0.25 per cent solution of neosynephrin 
hydrochloride to shrink the nasal mucosa, penicillin aerosol was administered 
with a negative pressure apparatus. They administered 25,000 units every 
three hours. Four patients who had acute sinusitis which had failed to respond 
to intramuscular administration of penicillin were greatly improved after they 
had been treated with penicillin aerosol for a few days. In nine eases in which 
chronic sinusitis was not complicated by bronchiectasis, apparently complete 
resolution of the sinus infection occurred immediately after the course of treat- 
ment. Improvement also occurred in cases in which the sinusitis was com- 
plicated by bronchiectasis but the sinusitis recurred one to two weeks after 
treatment was discontinued. 

It would seem from these reports that a further trial of this type of treat- 
ment of sinusitis is desirable. If penicillin aerosol can produce results as good 
as those reported in a considerable number of cases of sinusitis, and if it will 
make operation unnecessary, it certainly merits more widespread and continued 
use. 

BRONCHIECTASIS 


Bronchiectasis is a pulmonary disease in which penicillin aerosol has proved 
to be of great value. Not only does penicillin aerosol produce clinical improve- 
ment in eases in which the disease is treated medically but it also reduces the 
incidence of serious postoperative complications in eases in which it is admin- 
istered before operation. 

Olsen*? ?* reported the results of treatment by administration of penicillin 
aerosol alone or in combination with streptomycin in eighty-six cases of proved 
bronchiectasis. The combination consisted of 200,000 to 400,000 units of peni- 
eillin and 0.5 to 1 Gm. of streptomycin dissolved in 16 to 20 ¢.c. of physiologic 
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solution of sodium chloride. Streptomycin was used only in those cases in 
which gram-negative microorganisms predominated in the sputum after a period 
of treatment with penicillin alone. Forty-six of his patients were treated before 
pulmonary resection. The duration of such preoperative treatment depends on 
the daily volume of secretions and on the amount of lung to be resected. Five 
to seven days are adequate if the bronchiectasis is confined to one lobe. A large 
dose of penicillin also is administered intramuscularly forty-eight hours before 
operation is to be performed. No deaths occurred in the cases in which opera- 
tion was performed and Olsen was convinced that such preparation does prevent 
serious postoperative complications. 

The remaining forty patients, whose bronchiectasis was considered to be 
nonsurgical, were treated for periods ranging from two to eight weeks. Olsen 
expressed the opinion that no medical treatment will cure bronchiectasis but 
said that rest, good nutrition, favorable climate and regular postural drainage 
will help to control the bronchorrhea. Penicillin aerosol also has proved to be 
of great help in this respect. A striking reduction in the daily volume of sputum 
or complete relief of symptoms was noted in slightly more than 50 per cent of 
the forty cases. In twenty-seven cases, gram-negative microorganisms pre- 
dominated in the sputum after a trial of penicillin aerosol and the combination 
of penicillin aerosol and streptomycin was administered as described previously. 
In 90 per cent of these cases, there was a striking reduction in the volume of 
sputum. Olsen advised his patients to continue to take 100,000 units of peni- 
cillin with a nebulizer, two or three times weekly, after they returned to their 
homes. Recurrence of symptoms is not uncommon after colds or cessation of 
treatment. Development of bacterial resistence to the antibodies may become 
a major problem. An acrosol of a 5 per cent solution of sulfathiazole has helped 
in some eases in which there were gram-negative microorganisms that were 
resistant to antibioties. Olsen emphasized the importance of adequate bae- 
teriologie studies of pulmonary secretions in all cases of pulmonary suppuration 
in which aerosol therapy is to be undertaken. | 

Levine?® reported the results which he obtained with penicillin aerosol in 
forty-two cases. In all there was definite bronchographie evidence of bron- 
chiectasis and symptoms of bronchiectasis had been present for a long time. 
All of the patients had been treated unsuccessfully by all other methods of 
medical treatment including rest in bed, postural drainage, oral administration 
of the sulfonamide drugs, and injections of penicillin. Levine felt that if any 
improvement was noted after inhalation therapy it would be fair to ascribe it 
to the aerosol and not to spontaneous improvement. 

Solutions which contained from 1,000 to 20,000 units of penicillin per cubic 
centimeter were administered with a Vaponefrin vaporizer at the rate of 1 ec. 
every three to four hours for a period of from three to four weeks. Cultures 
of the sputum were made in each instance before treatment was started and 
the sensitivity of the microorganisms to penicillin was determined. 

Improvement occurred in thirty-three cases. In nineteen of the thirty- 
three cases all of the symptoms disappeared; in the remaining fourteen eases, 
the constitutional symptoms disappeared but the cough persisted. The symp- 
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toms recurred in twenty-four of the thirty-three cases. In each case in which 
the symptoms recurred, there was a change in the bacterial flora of the sputum, 
which indicated that the recurrence of symptoms was due to a new infection. 
Kxamination did not reveal a significant concentration of penicillin in the blood 
of any of the patients although a high concentration of penicillin has been 
observed in the blood of normal persons wha were receiving similar doses of 
penicil'in aerosol. The low concentration of penicillin in the blood of the 
patients in the cases of bronchiectasis can be explained by a decrease in the 
absorptive power caused by thickening of the bronchial walls and a decreased 
blood supply. The good results that were obtained in these cases were attribut- 
able to direct topical application of the penicillin. 

Levine expressed the opinion that the variation in his results can be ascribed 
to the type of microorganism involved. The results were good in all of the cases 
in which the bronchial lesion was caused by microorganisms that were sensitive 
to penicillin and the results were bad in all of the cases in which the miero- 
organisms were resistant to penicillin. Although he conceded that the custom- 
ary methods of treatment, which include postural drainage, are still essential 
in the management of bronchiectasis, he expressed the opinion that inhalation 
therapy is a definite step forward in the therapeutic approach to this problem. 

Segal'* administered penicillin aerosol in forty-two cases of chronic bron- 
chiectasis. In most of these the initial course of therapy lasted six weeks; addi- 
tional courses were employed for one week at intervals of three to six months. 
The severity of the toxemia decreased and the weight and appetite increased. 
There was a decrease in the amount of sputum and its foul odor disappeared. 
Microorganisms that were susceptible to penicillin disappeared rapidly from 
the sputum. The treatment also prevented pneumonitis. Pulmonary operations 
were performed later in eight of the cases. Penicillin aerosol was administered 
preoperatively and postoperatively. Segal expressed the opinion that this type 
of therapy is very effective in preventing postoperative complications. 


PNEUMONIA 


Some authors have reported that the administration of penicillin aerosol 
produced good results in cases of bronchopneumonia. Although intramuscular 
administration of penicillin and the sulfonamide drugs is considered the pre- 
ferred treatment in the average case of pneumonia, Segal’ expressed the opinion 
that penicillin aerosol is more effective than parenteral therapy in cases in which 
the pneumonia is due to streptococci, staphylococci or strains of Klebsiella pneu- 
moniae that are sensitive to penicillin. In the treatment of pneumonia caused 
by staphylococci, he recommended that the administration of penicillin aerosol 
be continued for at least one week after all clinical and roentgenologic signs of 
the diseases have subsided, in order to prevent such complications as the 
formation of an abscess. 

Segal recently reported twelve cases of pneumococcic pneumonia in which 
the administration of penicillin aerosol had produced complete recovery. Ver- 
milye expressed the opinion that penicillin aerosol is of value in cases of pneu- 
monitis. He administered 50,000 units of penicillin in the form of penicillin 


| | 
| 


KOELSCHE: AEROSOL THERAPY 55 


aerosol every three to four hours and also administered penicillin intramus- 
cularly. He noted that pneumonia caused by staphylococci and Hemophilus 
influenzae may be resistant to penicillin but may respond to administration of 
the sulfonamide drugs. 

PULMONARY ABSCESS 

Administration of penicillin aerosol has produced variable results in cases 
of pulmonary abscess. Segal reported the results which he obtained by ad- 
ministering penicillin aerosol for from four to ten weeks in eleven cases of 
pulmonary abscess. In seven cases in which the abscess was aerobic, nonodorit- 
erous and of the postpneumonic type, the patients recovered completely. The 
results were disappointing in the cases in which the abscess was of the atelee- 
tatie putrid type. Segal administered 50,000 units of penicillin in the form of 
an aerosol every three hours. This was supplemented by the intramuscular ad- 
ministration of 25,000 units of penicillin in cases in which the abscess was toxic 
and putrid. In one ease in which the abscess was of the latter type, the 
patient was prepared for lobectomy with penicillin aerosol and made an un- 
eventful recovery. 

Olsen** reported the results which he obtained with aerosols of antibiotics 
in four eases. A single abscess had been present for several months in two 
of these eases. An aerosol of penicillin and streptomycin was administered for 
four weeks. In one of the two cases, the abscess disappeared completely; in 
the other case, roentgenologic examination revealed that considerable improve- 
ment had occurred. The treatment did not produce any improvement in the 
two remaining eases. 

LARYNGOTRACHEOBRONCHITIS 


Aerosols are of real value in cases in which acute laryngotracheobronchitis 
is associated with edema. After tracheotomy has been performed, especially in 
eases in which the patients are children, Olsen** has employed the nebulizer to 
moisten the oxygen which is administered. Distilled water or physiologic solu- 
tion of sodium chloride alone or in combination with propylene glycol is nebu- 
lized by a stream of oxygen which is passed through the nebulizer into the 
tracheotomy tube. As a result of this treatment, no longer does the bronchos- 
copist have to maintain a constant vigil over the patients so as to be ready 
to remove the dry crusts which previously formed and constantly threatened to 
block the trachea or bronchi. 

Segal'® administered penicillin aerosol and a gas mixture containing 75 per 
eent of helium and 25 per cent of oxygen in six cases in which acute laryngo- 
tracheobronehitis occurred as a complication of a severe infection. The aerosol 
may be directed into the tracheotomy opening. Although three of his patients 
appeared to be moribund when the treatment was instituted, dramatic improve- 
ment occurred in a short time. Segal expressed the opinion that the therapeutic 
results are most spectacular in this group of cases. 


PULMONARY EMPHYSEMA 


An attempt has been made to treat severe pulmonary emphysema with 
penicillin aerosol. In some instances, the vital capacity was slightly improved 
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but the symptomatic relief which at times was noted was only temporary. It 
may be fairly stated that the results of aerosol therapy in cases of emphysema 
are not encouraging. 

SUMMARY 

1. Aerosols of epinephrine are of value in relieving acute attacks of asthma. 

2. Aerosols of the antibiotics have proved of real value in combating the 
infection associated with bronchiectasis and in preventing postoperative com- 
plications. 

3. Aerosols of penicillin and neosynephrin have been of value in treating 
acute and chronie sinusitis. 

4. Aerosols of penicillin and physiologic salt solution have been used sue- 
cessfully in the treatment of acute laryngotracheobronchitis associated with 
edema. 

5. Aerosols of penicillin have been reported to be of value in the treatment 
of pneumonia and pulmonary abscess. 

6. Aerosols of penicillin, ammonium chloride and aminophylline have been 
reported to be of value in enabling the patient with bronchial asthma to raise 
more easily the thick tenacious sputum encountered at times in this disease but 
no consistently favorable effect on the asthmatie attack itself has been noted. 

7. Aerosols of penicillin or of the sulfonamide drugs may prove of value 
in relieving the asthmatie attack if it has followed an acute respiratory infection 
with fever. The specifie effect in this instance is on the respiratory infection 
and not on the asthmatie attack per se. 
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SPIROMETRIC EVALUATION OF ‘“‘ETHYL-NOR-EPINEPHRINE”’ IN 
BRONCHIAL ASTHMA* 


Louis Levy, IT, M.D., Anp Joun H. Seasury, M.D., NEw ORLEANS, La. 


HE bronchodilator effeets of ‘‘Ethyl-Nor-Epinephrine’’ (1-[3,4-dihydroxy- 

phenyl] ]-2-amino 1-butanol hydrochloride) +t was first investigated by Tainter' 
and later by Pedden, Tainter, and Cameron.?:* They found this drug to be an 
efficient bronchodilating agent in guinea pigs and dogs when given following the 
administration of bronchoconstrictor substances. Further investigations of the 
pharmacologic actions of Ethyl-Nor-Epinephrine demonstrated that the arterial 
diastolic pressure is generally lowered!“ and that the central nervous system is 
not stimulated.’ In 1944 Tainter, et al.° reported the results of certain clinical 
studies on patients receiving Ethyl-Nor-Epinephrine by subcutaneous, intra- 
muscular, and intravenous routes. It was found to be effective in the relief of 
acute asthmatic attacks when given in doses about one-half larger than those of 
epinephrine, and there were fewer side-effects. There was a moderate reduction 
in the diastolic blood pressure. Hartman,'’:'' and Bubert and Doenges'? found 
that ‘‘butanefrine’’ compared favorably with epinephrine in the therapy of 
asthma. 

The purpose of the present study is to evaluate the effects of ‘*butanefrine”’ 
(Ethyl-Nor-Epinephrine) in individual attacks of asthma by employing spiro- 
metric methods to derive objective data. 


PROCEDURE 


The method of investigation was similar to that utilized by us in the evalua- 
tion of benadryl® in asthma. Ten patients with extrinsic bronchial asthma who 
regularly experienced undesirable side-effects from epinephrine were selected for 
study. Side-effects consisted of ‘‘nervousness,’’ palpitation, weakness, dizziness, 
headache, nausea, and vomiting. These patients had been attending the Allergy 
Clinie and had received treatment at the Charity Hospital of Louisiana at reeu- 
lar intervals for periods varying from three to thirty years prior to this study. 
Pulmonary function studies were performed shortly after the onset of a mod- 
erately acute attack in each case. After a control record, 2 me. (1 ¢e¢. of 1:500) 
of butanefrine was injected intramuscularly, and a continuous tracing was made 
for thirty minutes, followed by a single tracing at forty-five minuteg and one 
hour. Irom these tracings measurements were made of the pulmonary volumina 
and its subdivisions, respiratory rate, minute ventilation, and expiratory differen- 
tial’? at five minutes, ten minutes, twenty minutes, thirty minutes, forty-five 
minutes, and one hour after injection of butanefrine. The blood pressure and 


*From the Department of Medicine, Louisiana State University School of Medicine, and 
the Lung Station of the Charity Hospital of Louisiana at New Orleans, 

7Ethyl-Nor-Epinephrine (Butanefrine) was kindly supplied by the Department of Medical 
Research of the Winthrop Chemical Company, Inc. 
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pulse were taken at intervals of fifteen minutes, thirty minutes, forty-five min- 
utes, and one hour after the patient received butanefrine. The time of disap- 
pearance of physical findings in the chest and the time of appearance of sub- 
jective relief were recorded. These studies were conducted in the lung station, 
where environmental conditions were kept constant. The determinations of 
oxygen consumption were omitted from consideration for reasons which have 
been given previously." 
RESULTS 


The observed effects of butanefrine are presented in Table I. One patient 
(No. 2) beeame too dyspneie eight minutes after the administration of butane- 
frine to continue the spirometry. He noted relief twelve minutes following the 
administration of 0.25 Gm. of aminophylline intravenously. This patient dur- 
ing the past five years had never experienced relief from his asthmatie attacks 
with epinephrine alone. Patient No. 5 was not completely relieved by butane- 
frine. (He also seldom obtained complete relief by the use of epinephrine alone.) 
Following the butanefrine experiment he was given 15 minims of epinephrine 
hydrochloride subeutaneously without effect. Later he received 0.25 Gm. of 
aminophylline and 10 minims of epinephrine, and his attack subsided. In the 
remaining eight patients relief began at intervals varying from five to eighteen 
minutes and was complete at intervals varying from fifteen to thirty minutes. 
Physical findings were diminished in intervals varying from fifteen to thirty 
minutes. There was a uniform increase in heart rate and a lowering of the 
diastolie pressure with increase in the pulse pressure. 

All of these patients had previously experienced undesirable side reactions 
to adrenalin. One patient noted palpitation following butanefrine, and this was 
the only side reaction which occurred in the entire series. 

From Table I it can be seen that there was a uniform spirometrie response 
to butanefrine characterized by a combination of increase in vital capacity, 
reserve air, complemental air, expiratory differential, and an initial increase in 
the volume of the minute ventilation followed by a tendency to return toward 
the initial volume one hour after the administration of butanefrine. Seven pa- 
tients had an initial increase in the volume of tidal air with a tendency to return 
toward the initial volume in one hour. The other two patients had a gradual 
decrease in the volume of tidal air throughout the hour. Six eases had a de- 
crease in respiratory rate, two cases maintained the same rate, and one patient 
had an increase in respiratory rate at the end of one hour. 


DISCUSSION 


The ventilatory changes produced by butanefrine in asthmatie patients is 
similar to that previously deseribed'® following the administration of adrenalin 
and aminophylline. The clinical reports of the bronchodilator effect of butane- 
frine are well substantiated by the spirometrie results presented above. The 
spirometric changes can be explained on the basis of relief of bronchiolar spasm 
associated with temporary overdistention of the alveoli. Relief of the bronchiolar 
spasm results in a diminution in the degree of temporary acute emphysema which 
is present during the attack of asthma. This permits a freer gaseous exchange 


| 


LEVY AND SEABURY: ‘‘ETHYL-NOR-EPINEPHRINE’’ 61 


and a greater volume exchange between alveolar and outside air together with 
a decrease in the necessary respiratory effort. When the obstruction of bronchi- 
olar spasm is removed, there is an increase in the vital capacity with a reduction 
in the residual air. The initial increase in tidal air is probably due to the 
temporary persistence of labored respiration which later returns toward normal 
with a decrease in the tidal air. 

The absence of undesirable side effects and lack of vasopressor effect make 
Butanefrine a valuable adjunct in the therapy of asthma. 


SUMMARY 

1. Spirometric studies were performed on ten patients with moderately 
acute attacks of asthma prior to and for one hour following the administration 
of 2 mg. of butanefrine. 

2. There was a uniform response characterized by a combination of in- 
crease in vital capacity, reserve air, complemental air, expiratory differential, 
and an initial inerease in the volume of minute ventilation with a tendency to 
return toward the initial volume one hour after the administration of butane- 
frine. 

3. There was an increase in the heart rate, a lowering of the diastolic blood 
pressure, and an absence of side-effects following the injection of butanefrine. 

4. Eight patients obtained complete symptomatic and objective relief. Two 
patients required additional medication. 
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LOCAL CUTANEOUS ALLERGY (ARTHUS PHENOMENON) 
FROM EPINEPHRINE 


ALBERT ROWE, JR., M.D., AND ALBERT H. Rowe, M.D., OAKLAND, CALIF. 


EPEATED subcutaneous injections of epinephrine occasionally produce 

localized inflammation with subsequent necrosis and scarring of the Arthus 
phenomenon type of allergy. This phenomenon is usually alarming to both pa- 
tient and physician and, unless the allergic nature of the lesions is recognized, 
faulty aseptic technique on the part of the patient is usually blamed. This 
paper describes four additional cases to those already reported by Dumm, * 
Urbach *° Cohen and Waterstonet and Lamson and Chambers.° 


Arthus,' in 1903, demonstrated that weekly subcutaneous injections of an 
antigen in rabbits produced localized edema, inflammation, and necrosis after 
the fourth or fifth dose. This reaction was confirmed by many investigations 
both in animals and in man and became known as the ‘*‘ Arthus Phenomenon.’’ 
Its cause is localized tissue allergy. 

Lamson and Chaimbers,® in 1931, described local nodule formation with 
subsequent ulceration and discoid scarring in a 31-year-old male after his use 
of epinephrine hypodermically for three years to relieve persistent severe 
asthma. <All body areas injected—arms, scapular regions, and thighs—were 
involved. Urbach,*” in 1936 and also in 1948, described a similar series of 
events in a 56-year-old female who had taken epinephrine to control asthmatic 
attacks for several years. He postulated that tissue injury could be due to an 
allergic hypersensitiveness, to the vasoconstrictive action of the drug with pro- 
longed ischmia, to the toxicity of epinephrine per se, or to the irritating effect 
of a preservative, and concluded that the cause was probably the result of vaso- 
spasm rather than a true allergic reaction. Cohen and Waterstone,* in 1940, 
recorded the cases of two asthmatie Negroes who developed necrosis in the skin 
due to definite tissue sensitivity to epinephrine. In both instances epinephrine 
had been used for over two years prior to the onset of the local reactions. 
Swelling developed at the sites of injection thirty minutes afterwards and 
gradually subsided, but was followed after four to seven days by necrosis ul- 
ceration, and eventual scar formation. Careful asepsis did not prevent these 
reactions. They also noted that when epineprine entered a vein, previous sub- 
cutaneous areas which were not entirely healed flared up. (Schwartzman Re- 
action) In their cases Cohen and Waterstone found that synthetic epinephrine 
did not cause local reactions. 

CASE REPORTS 

Case 1.—F. K., a 29-year-old male nurse, was seen by one of us (AHR) in 
1935. Perennial persistent intermittent attacks of asthma had developed at the 
age of 5 years following measles. In the six years prior to being seen, he had 
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become progressively worse and had been hospitalized twenty times. For six 
years repeated subcutaneous injections of 0.5 ¢.c. to 1.0 cc. of 1:1,000 epine- 
phrine solution had been self-administered every day, averaging approximately 
2 ounces per week. During severe attacks he had taken as much as one ounce 
daily. For one year, a localized area of redness and swelling had appeared in 
each injected site within twenty-four hours. This persisted for twenty-four to 
thirty-six hours with subsequent necrosis. Healing required four to six weeks. 


Fiz. 1.—Inflammation, nodule formation, necrosis, and searring of the skin resulting from 
repeated subcutaneous administration of epinephrine due to local tissue anaphylaxis (Arthus 
phenomenon). 


Fie. 2.—Inflammation, nodule formation. necrosis. and_ scarring of the skin resulting 
from repeated subcutaneous administration of epinephrine due to local tissue anaphylaxis 
(Arthus phenomenon). 


during which period a necrotic plug dropped out of each affected area with 
eventual sear formation (Fig. 1). Very deep subeutaneous or intramuscular 
injections caused little or no edema or inflammation, but was followed by ne- 
crosis, sloughing, and deep searring. There was no evidence of faulty asepsis. 
No necrosis or inflammation occurred with the use of svuthetic epinephrine. 
CAsE 2.—C. M., a 32-year-old housewife, had suffered from perennial asthma 
without seasonal variation for fifteen years. Attacks lasted approximately one 
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week with periods of relative freedom which varied from three to five weeks. 
Skin tests by scratch and intradermal methods revealed a 3-plus reaction to 
meadow fescue and 2-plus reactions to orchard grass, English rye, mixed house 
dust and chicken feathers. Skin tests for thirty-three common foods were nega- 
tive. Self-administered epinephrine had been used frequently for nine years 
during severe attacks, in 0.6 ¢.c. doses every fifteen minutes to four hours for 
several days at a time. For two years she had noted edema and inflammation 
followed by necrosis. sloughing, and scar formation at the injection sites. 


Fig. 3.—Inflammation, nodule formation, necrosis, and_ scarring of the skin resulting 
from repeated subcutaneous administration of epinephrine due to local tissue anaphylaxis 
(Arthus phenomenon). 


Edema, erythema, and heat appeared approximately twenty-four hours after 
injection, followed in three to five days by necrosis and sloughing. Healing re- 
quired an additional two to three weeks. There was permanent discoloration 
in the scarred areas (Fig. 2). Deep subcutaneous injections resulted in minor 
edema and erythema with only slight necrosis. There was no evidence of im- 
proper sterilization of needles or syringe. During her period of observation 
she was given sulfathiazole by her family physician for an upper respiratory 
infection. After taking four tablets she rapidly developed edema, erythema, 
and heat in the scarred injection areas of the left thigh with edema of the entire 
thigh and exfoliation of the skin (Fig. 5). 


CasE 3.—E. B., a 58-year-old white woman, developed bronchial asthma at 
the age of 40 years and continued to have intermittent attacks during the follow- 
ing three years without seasonal variation. Her asthma had been well controlled 
by the use of cereal-free elimination diets (Rowe’) throughout the past fifteen 
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years. During this period of observation she had broken the diet intermittently 
and each time had developed severe asthma requiring epinephrine hypodermi- 
cally for relief. For the past six years her eyes had become bloodshot and pain- 
ful three to four hours after each injection. These symptoms persisted approxi- 
mately two to three days. One year ago she noted the appearance of painful 
erythematous swelling at the injection site after six hours, which during the 
following three days became necrotic. Subsequent sloughing and sear forma- 
tion required eleven to twelve days (Fig. 3). The scars were depressed and 
purplish. One month ago she started to use synthetic epinephrine which caused 
only a slight bluish discoloration at the injection site persisting for two to three 
weeks. No other local cutaneous changes were observed. 


Fig. 4.—Inflammation, nodule formation, necrosis, and_ scarring of the skin resulting 
from repeated subcutaneous administration of epinephrine due to local tissue anaphylaxis 
(Arthus phenomenon). 


Case 4.—R. G., a 42-year-old male, developed bronchial asthma at the age 
of 28 years. Attacks occurred throughout the year regardless of the weather 
and were not influenced by changing location. Over a period of twelve years 
prior to being seen, his asthma had grown progressively more severe. He had 
used self-administered epinephrine for ten years during severe attacks in doses 
of 0.6 ¢.c. to 0.8 ¢.e. every three to four hours without untoward local reactions. 
For the past four years, however, each subeutaneous injection of epinephrine 
was followed by the formation of an erythematous nodule within one to two 
hours, which became filled with clear fluid within twenty-four hours. After 
forty-eight hours the vesicles ruptured and necrotic ulcerated lesions remained 
which persisted for ten to fourteen days with eventual slow healing over the 
next fourteen to twenty-one days. The resulting scars were depressed and 
purplish (Fig. 4). Recently this patient has used a synthetic epinephrine 
without any local reaction. 
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DISCUSSION 

In each of the preceding cases epinephrine had been self-administered for 
at least six years prior to the development of local necrotic reactions. Tissue 
changes were similar in each instance. Erythematous nodules appeared within 
one to twenty hours, followed by necrosis in twenty-four to seventy-two hours 
with subsequent healing and the formation of depressed pigmented scars with- 
in two to six weeks. In Case 2 it is interesting to note that the allergic derma- 
titis due to the ingestion of sulfathiazole was limited to the left thigh where the 
cutaneous tissues had been repeatedly involved by local necrotic reactions from 
the injection of epinephrine. In Case 3 the observation by the patient that her 
eyes became bloodshot and painful after each injection for five years prior to 
the onset of the necrotic reactions is noteworthy. These ocular changes suggest 
a possible preexisting sensitivity to extracted epinephrine. As in the eases of 
Cohen and Waterstone,* three of our four patients used synthetie epinephrine 
preparations without local reactions. This observation suggests the trial of syn- 
thetic epinephrine preparations in individuals sensitive to extracted prepara- 


tions. 


Fig. 5.—Edema, erythema, and exfoliation of the skin of the left thigh with edema of thigh in 
an area previously injected with epinephrine following ingestion of sulfathiazole. 


SUMMARY 


1. Four cases of local necrosis due to cutaneous allergy to extracted epine- 
phrine are presented with a review of the literature. 

2. The necrosis can be explained best by the mechanism of the Arthus 
phenomenon. 

3. From our observations and those of Cohen and Waterstone the use of 
synthetic epinephrine in patients sensitive to extracted glandular preparations 
is suggested. 
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THE USE OF PROCAINE HYDROCHLORIDE INTRAVENOUSLY IN 
THE TREATMENT OF REACTIONS TO PENICILLIN 


Report or Four.Cases 
ARMAND E, Couen, M.D., AND JULIAN M.D., LOUISVILLE, Ky. 


ILE more severe serumlike reactions to penicillin is distressing to the patient 

and responds indifferently to most palliative therapy. 

Dressler and Dwark'! reported the use of procaine hydrochloride intra- 
venously in such a ease, with rather dramatic relief not only of the urticarial 
‘ash, leucocytosis, and fever, but also of the accompanying arthralgia. 

Previously, Appelbaum, Abraham, and Sinton? reported a similar result 
in a ease of serum sickness following the injection of antitetanus serum, and 
State and Wangensteen® reported 27 cases of serum sickness from various 
agents (but not including penicillin) treated by this method and without any 
untoward reactions. The latter authors quote Mayer* to the effect that in a 
review of the fatalities attending the use of local anesthesia, only two deaths 
had been reported due to procaine. 

Waldbott,’ on the other hand, states ‘*It should be borne in mind, however, 
that sensitivity to cocaine and related drugs is not uncommon.’’ He reported 
one case of a near fatality in a patient who was given 0.5 Gm. procaine hydro- 
chloride in 250 ¢.¢. of saline solution intravenously for the relief of urticaria. 

Abram’ believes that this method of therapy is worthy of full consideration. 

We wish to report four cases of serumlike reactions attributable to peni- 
cillin and treated by procaine hydrochloride intravenously following the pro-. 
cedure suggested by State and Wangensteen.® We should like to call attention 
to the possible toxie effect of such therapy, to the well-known sensitizing effect 
of procaine hydrochloride, to the present lack of adequate tests to determine 
such sensitivity, and finally, to our experience in finding such therapy to be 
not particularly adequate in the treatment of serum sickness in man. 

In the four eases, two showed satisfactory response, which might be at- 
tributed to the use of intravenous procaine. It seems desirable to report in more 
detail the two cases which did not show favorable response. 


Case 1.—H. G., a white male, aged 28 years, entered the Jewish Hospital 
of Louisville on March 28, 1947, suffering from angioneurotic edema, urticaria, 
myalgia, arthralgia, and fever. He stated that he had taken 12 tablets of 100,000 
unit penicillin tablets ten days previously for the relief of sinusitis. His symp- 
toms began four days prior to his admission. He had taken oral penicillin some 
six months previous to this for a similar attack of sinusitis. He gave no pre- 
vious history of allergy, but his sister has ragweed hay fever. 

On admission, his temperature was 100.6° F., and he showed a leucoeytosis 
(Chart 1). 


*J. A. M. A., Mar. 15, 1924. 
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Because of his extreme discomfort, and the fact that epinephrine, ephedrine, 
and propradrine hydrochloride, and large doses of benadryl administered prior 
to admission had given small, if any, relief, 1 Gm. of procaine hydrochloride 
in 500 ¢.e. of physiologic saline was given intravenously immediately upon his 
admission, and continued by slow drip for nearly three hours. 

GRAPHIC CHART 


Hospital No. 
Name Mr. H. G. Wa No Bed Doctor. 
3/28/47 | 3/29/47 | 3/30/47 | 3/31/47 | 4/1/47 | 4/2/47 | 4/3/47 | 4/4/47 | 4/5/47 | 4/6/47 
Day in Hospital b 2 3 4 5 6 V 8 9 10 
Day P.O. or P.P. 
Hour 
106 
tt 
procaine hydrochloride nicotinic acid 
| 
101 
| 100 
99 a 
Normal = 
97 
130 
a 110 1 T x 
100 4 
96 
z 
40 
a 
2 
20 
W.B.C.| 17,000 16,650 12,150 
Chart 1. 


Following this, the patient had considerable emesis and nausea which per- 
sisted for several days. There was no appreciable relief from any of his com- 
plaints, and, in fact, nothing except repeated subcutaneous and intramuscular 
injections of epinephrine gave even temporary relief. Some other drugs given 
the patient without appreciable effect were parabenzamine, intravenous ealcium 
thiosulfate, vitamin B complex, vitamin K, demerol, phenobarbital, atropine, 
codeine, aspirin compound, intravenous nicotinie acid,® intravenous glucose, 
auto-hemotherapy, and various local applications. On the ninth day of his 
hospital admission, his symptoms improved except for some persistent hives, 
and he was able to leave the hospital the following day. 


Cask 2.—G. H. L., a white male aged 49 years, developed a tumor of parotid 
gland in 1942. It was resected in 1944. Following this, he was given 7,000 
R. units of x-ray. He was admitted to Nichols General Hospital Feb. 18, 1947, 
complaining of a discharge from the right ear. Examination revealed a cauli- 
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flower growth in the external canal. On Feb. 19, 1947, he developed a severe 
headache, a right paralysis, and right.mastoid tenderness. He was placed on 
penicillin 40,000 units every three hours intramuscularly. He received this 
until Mareh 6, 1947, when he developed a generalized urticaria and angio- 
neurotic edema of the face. He was given benadryl, one capsule every four 
hours, without any benefit. On March 7, he was given 1 Gm. of procaine in 
500 e.c. of 5 per cent glucose in physiologic saline intravenously. He received 
no benefit from this, and on March 8, 1947,.the procedure was repeated with 
no improvement. Three days later he was given caleium gluconate intravenously 
on two successive days, with some improvement of the itching. The swelling 
subsided about March 10. There is no family history of allergic diseases. He 
had never been given penicillin at any previous time. An intradermal test with 
1:100 penicillin was negative. 
COMMENT 


Recently procaine hydrochloride intravenously has been suggested for the 
relief of serum sickness, and particularly for the distressing pain of myalgia 
and arthralgia sometimes accompanying this condition. 

Proeaine hydrochloride is not devoid of possible toxie effects, is a well 
known sensitizer to which there are no known tests to determine sensitivity, and 
its routine use in the treatment of serum sickness is possibly not sufficiently 
well founded. 

SUMMARY 


1. Two of the four cases of serumlike reactions presumably due to peni- 
eillin sensitivity treated by procaine did not show favorable response to the 
drug. 

2. Serum sickness is a self-limited condition. Epinephrine hydrochloride, 
together with such supportive treatment that will help maintain nutritional and 
fluid requirements, are indicated. 

3. With our present inadequate knowledge of the mechanism of so-called 
serum sickness, the action of procaine is not clear, but is a measure worthy of 


trial. 
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